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(54)  ENERGY  CONVERSION  COMPOSITION 

(57)  The  present  invention  provides  an  energy  con- 
version  composition  which  has  an  excellent  capability  of 
absorbing  and  damping  energy  such  as  dynamic,  ther- 
mal,  optical,  or  electric  energy.  The  composition  can  be 
made  into  a  very  thin  and  small  but  excellent  damping 
product. 

The  energy  conversion  composition  is  character- 
ized  in  that  its  base  material  contains  a  moment  activa- 
tor  which  can  increase  the  amount  of  dipole  moments  in 
the  base  material.  The  energy  conversion  composition 
can  be  utilized  as  a  vibration  damping,  sound  absorp- 
tive,  impact  absorptive,  vibration-proof,  electromagnetic 
wave  absorptive,  piezoelectric,  and  endothermal  mate- 
rial  as  well  as  a  polarity  liquid. 
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Description 

Technical  Field 

5  [0001]  The  present  invention  generally  relates  to  energy  conversion  compositions,  which  can  effectively  absorb  and 
damp  energy  such  as  dynamic,  thermal,  optical  and/or  electrical  energy. 

Background  Art 

10  [0002]  There  conventionally  exists  a  vibration  energy  damping  material  of  a  soft  vinyl  chloride  resin  and  a  plasticizer. 
[0003]  Such  a  soft  vinyl  chloride  resin  can  damp  vibration  energy  on  the  surface  of  and/or  within  the  resin  by  convert- 
ing  the  vibration  energy  into  frictional  heat,  only  to  a  very  limited  extent. 
[0004]  Japanese  Laid-Open  Patent  Publication  No.  5-332047  discloses  a  liquid  material  which  absorbs  or  damps 
vibration  energy  to  a  degree.  This  liquid  material  or  a  viscous  fluid  comprises  a  glycol  as  a  chief  ingredient.  Vibration 

15  energy  or  seismic  energy  generates  an  electric  field  in  the  viscous  fluid  and  changes  the  viscosity  of  the  fluid,  an 
attempt  to  efficiently  damp  the  dynamic  energy. 
[0005]  A  very  large  amount  of  liquid  material  is  required  to  effectively  damp  huge  seismic  energy,  for  instance,  from 
a  major  earthquake.  Due  to  gradual  oxidisation  of  the  liquid  material,  its  damping  performance  gets  lowered  over  time, 
requiring  periodical  refreshment  of  the  liquid  material.  Accordingly,  there  exists  a  strong  demand  for  a  vibration  damping 

20  material  which  with  a  minimum  amount  can  efficiently  damp  seismic  energy  or  vibrations  over  a  longer  period  of  time 
without  such  refreshment. 
[0006]  A  sound  or  noise  absorptive  or  damping  material  containing  glass  wool  is  known.  Glass  wool  can  damp  sound 
or  noise  by  consuming  the  energy  as  frictional  heat  when  sound  collides  with  the  surface  of  glass  wool  fibers  and 
passes  therethrough. 

25  [0007]  The  glass  wool  type  sound  absorptive  material,  however,  need  be  prepared  relatively  thick  to  provide  sufficient 
sound  absorption.  The  material  cannot  effectively  absorb  sound  of  a  low  frequency  below  1  ,000  Hz.  The  material  does 
not  function  well  at  a  frequency  below  500  Hz. 
[0008]  There  is  an  impact  absorptive  or  damping  material.  Japanese  Patent  Laid-Open  Publication  No.  6-300071  dis- 
closes  an  impact  absorptive  material  which  comprises  short  fibers  dispersed  in  a  foamed  polymer.  This  impact  absorp- 

30  tive  material  can  damp  an  impact  applied  against  a  surface  portion  of  the  formed  material  through  the  gradual  collapse 
of  the  structural  integration  of  the  formed  material.  The  short  fibers  dispersed  in  the  foamed  material  act  as  a  physical 
binder  to  promote  the  tensile  strength  of  the  material  and  prevent  its  cracking. 
[0009]  This  impact  absorptive  material,  however,  requires  a  considerable  thickness  and  volume  to  provide  sufficient 
impact  damping.  Accordingly,  if  there  is  no  sufficient  room  for  installment,  this  impact  absorptive  material  cannot  be  con- 

35  veniently  utilized. 
[0010]  There  is  an  electromagnetic  shield  material  as  proposed  in  Japanese  Patent  Laid-Open  Publication  No.  5- 
255521  ,  which  can  absorb  electromagnetic  energy  to  an  extent.  This  material  comprises  an  ultraviolet  absorptive  com- 
pound  capable  of  absorbing  or  damping  ultraviolet  rays  of  a  wavelength  of  250  to  400  nm  through  excitation  of  the  mol- 
ecules  of  the  compound  and  conversion  of  the  ray  energy  into  thermal  energy. 

40  [001  1  ]  This  material  need  be  1  0  to  20  mm  thick  to  provide  a  sufficient  absorption  of  ultraviolet  rays.  Such  a  thick  sheet 
hinders  visibility.  A  demand  for  a  material  which  can  provide  a  thin  but  effective  electromagnetic  shield  is  strong. 
[0012]  Butyl  rubber  or  NBR  is  conventionally  utilized  to  provide  a  vibration  damping  material.  Such  a  rubber  material 
is  economical  and  easy  to  process  as  well  as  possesses  a  considerable  mechanical  strength. 
[0013]  Such  a  rubber  material  shows  an  excelled  vibration  damping  property  among  polymers,  however,  if  a  rubber 

45  material  is  used  singly,  its  damping  ability  is  somehow  limited.  Therefore,  a  metal  plate  or  core  or  oil  damper  is  conven- 
tionally  incorporated  in  a  rubber-type  vibration  damping  material,  which  is  rather  complicated  and  costly  to  manufac- 
ture. 
[0014]  Accordingly,  there  is  a  strong  demand  for  a  vibration  damping  material  which  itself  can  provide  excellent  vibra- 
tion  absorption  or  damping. 

so  [001  5]  A  ceramic  material  for  an  actuator  or  dot  printer  provides  an  electric  energy  conversion  property.  Piezoelectric 
effects  attainable  by  such  a  conventional  ceramic  material  are  but  minimal.  There  exists  a  demand  for  an  improved  elec- 
tric  energy  conversion  material. 
[0016]  Japanese  Patent  Laid-Open  Publication  No.  5-5215  discloses  an  endothermic  fiber  material.  This  material  is 
a  polymer  comprising  a  straight-chain  aliphatic  carboxylic  acid  and  straight-chain  aliphatic  diol,  such  as  polyethylene- 

55  adipate,  polypentamethyleneadipate,  or  polytetramethynenglutarate.  The  polymer  absorbs  beat  as  it  melts  and  pro- 
vides  heat  damping,  though,  a  large  amount  of  polymer  is  required  to  provide  sufficient  heat  absorption. 
[001  7]  A  viscous  fluid  mainly  composed  of  a  glycol  provides  a  high  latent  heat  medium  to  be  used  as  a  transmission 
cooler,  engine  coolant  or  mold  cooler.  The  cooling  property  of  the  fluid  is  given  by  the  following  equation. 
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(AH-RT)/V=(SP)2 

AH:  latent  heat,  SP:  SP  value  (solubility  parameter) 
[0018]  The  SP  value  is  an  indication  of  polarity  and  increases  as  dipoles  increase.  Water  has  the  largest  SP  value, 

5  however,  use  of  water  is  not  practical  because  water  tends  to  corrode  metals.  Glycol  has  an  excellent  rust  inhibition 
property,  however,  glycol  does  not  provide  a  high  latent  heat  property. 
[001  9]  As  described  above,  conventional  energy  conversion  (damping)  materials  or  compositions  have  insufficient 
damping  capabilities,  or  require  a  considerable  thickness  or  volume  to  provide  a  satisfactory  damping  capability. 
[0020]  The  inventors  have  discovered  through  a  lengthy  research  on  energy  conversion  compositions  that  the  amount 

10  or  magnitude  of  dipole  moment  of  the  compositions  is  directly  related  to  their  energy  absorption/conversion/damping 
capability. 
[0021]  The  inventors  have  also  found  that  the  dielectric  loss  factor  of  the  compositions  is  related  with  their  energy 
absorption/conversion/damping  capability. 
[0022]  Accordingly,  an  object  of  the  present  invention  is  to  provide  an  energy  conversion  composition  which  has  an 

15  excellently  improved  capability  of  absorbing/converting  or  damping  energy  such  as  dynamic,  thermal,  optical,  and/or 
electric  energy.  Another  object  of  the  present  invention  is  to  provide  an  energy  conversion/damping  composition  which 
can  provide  an  excellently  improved  ability  with  a  minimal  thickness  or  volume. 

Disclosure  of  the  Invention 
20 

[0023]  An  energy  conversion  composition  according  to  this  invention  can  be  prepared  into,  but  not  limited  to,  an 
unconstrained  or  constrained  vibration  damping  sheet,  paint,  paper,  asphalt  material  (for  automobile  flooring),  or  a 
vibration  damping  material  for  asphalt  roads  (noiseless  roads),  or  sound  or  noise  absorptive  material  for  sound  absorp- 
tive  sheets,  fibers,  foam  materials,  films  or  molds,  or  impact  absorptive  material  for  training  shoe  soles  ,  protections, 

25  head  gears,  plaster  casts,  mats,  supporters,  handle  grips  and  saddles  of  bicycles  or  motorbikes,  front  forks,  grip  ends 
of  tennis  or  badminton  rackets,  baseball  bats,  or  golf  clubs,  grip  tapes,  hammer  grips,  slippers,  gun  bottoms,  shoulder 
pads,  or  bulletproof  jackets,  or  vibration-proof  rubber  material  for  earthquake  damping  rubbers  or  molds,  or  electromag- 
netic  shield  material  for  X-ray  or  ultraviolet  shield  sheets,  or  actuator  material  (piezoelectric  material)  for  motors  or  dot 
printers,  or  endothermic  material  for  endothermic  fibers  or  pellets,  or  viscous  fluid  for  earthquake  damping  apparatus, 

30  or  polarity  liquid  for  engine  mount  liquids,  shock  absorber  oils,  power  supply  transmission  cooling  liquids,  engine  cool- 
ants,  floor  heater  media  or  solar  heat  media. 
[0024]  The  energy  conversion  composition  according  to  this  invention  is  characterized  in  that  its  base  material  con- 
tains  a  moment  promoter  or  moment  activator  which  increases  or  promotes  the  amount  or  magnitude  of  dipole  moment 
in  the  base  material. 

35  [0025]  Such  a  base  material  is  not  limited  to  but  may  be  a  polymer  material  such  as  polyvinyl  chloride,  polyethylene, 
polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  poly- 
styrene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber 
(NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their 
selected  mixture,  among  which  polyvinyl  chloride  is  preferred  for  its  workability  and  low  cost. 

40  [0026]  When  such  an  energy  conversion  composition  is  to  be  made  into  a  noise  or  impact  absorptive  material,  elec- 
tromagnetic  shield  material,  endothermic  material,  or  polarity  material,  its  base  material  may  be  additionally  provided 
with  polyester,  polyurethane,  polyamide,  polyvinylidene,  polyacrylonitrile,  polyvinylalcohol,  or  cellulose.  In  particular, 
when  the  composition  is  to  be  made  into  a  sound  absorptive  material,  a  foaming  agent  may  be  added  to  provide  a 
porous  material  to  improve  sound  damping. 

45  [0027]  When  the  composition  is  to  be  made  into  a  vibration  damping  rubber  material,  the  base  material  may  be  acry- 
lonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  or  iso- 
prene  rubber  (IR).  When  a  polarity  liquid  is  to  be  provided,  the  base  material  may  be  a  glycol  or  water. 
[0028]  Mica  scales,  glass  pieces,  carbon  fibers,  calcium  carbonate,  barite,  precipitated  barium  sulfate,  corrosion 
inhibitor,  dye,  antioxidant,  electricity  control  agent,  stabilizer,  or  wetting  agent  may  be  selectively  added  to  the  base 

so  material  as  desired. 
[0029]  When  vibration,  sound,  impact,  electricity,  pressure,  light,  or  heat  energy  is  applied  onto  the  base  material, 
dipoles  12  in  the  base  material  1  1  as  shown  Fig.  1  are  displaced  to  a  state  such  as  shown  in  Fig.  2.  This  displacement 
of  the  dipoles  12  may  be  caused  by  rotation  or  shifting  of  phase  within  the  base  material  1  1  . 
[0030]  Prior  to  application  of  energy,  the  dipoles  12  in  the  base  material  1  1  as  shown  in  Fig.  1  are  stable.  When  an 

55  energy  is  applied  onto  the  base  material,  the  dipoles  12  in  the  base  material  1  1  are  displaced  into  an  unstable  state. 
They  are  then  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0031  ]  The  applied  energy  is  effectively  consumed  through  this  process.  It  is  assumed  that  the  consumption  of  energy 
provided  by  the  displacement  and  recovery  of  the  dipoles  provides  noise,  impact,  vibration,  electromagnetic  wave,  or 

3 
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heat  damping. 
[0032]  The  mechanism  of  energy  absorption/damping  is  associated  with  the  magnitude  of  dipole  moment  in  the  base 
material  1  1  .  When  the  magnitude  of  dipole  moment  in  the  base  material  1  1  is  large,  the  base  material  1  1  possesses  a 
high  energy  absorptive  capability. 

5  [0033]  The  magnitude  of  dipole  moment  in  the  base  material  is  subject  to  the  base  material  used.  Even  when  the 
base  material  is  the  same,  the  magnitude  of  dipole  moment  to  be  provided  in  the  base  material  varies  with  the  working 
temperature.  The  magnitude  of  dipole  moment  is  also  affected  by  the  type  and  magnitude  of  particular  energy  applied 
onto  the  base  material.  Thus,  the  base  material  should  be  selected  so  as  to  provide  the  largest  possible  magnitude  of 
dipole  moment,  considering  the  possible  or  expected  working  temperature  as  well  as  the  type  and  magnitude  of  the 

10  energy  to  be  applied. 
[0034]  It  is  desirable  to  also  take  into  consideration  factors  such  as  workability,  availability,  temperature  characteristics 
(temperature  resistance),  weatherability,  and  price  of  the  base  material  in  selecting  the  base  material  ingredient  or 
ingredients. 
[0035]  A  moment  activator  is  blended  in  the  base  material  to  significantly  increase  the  magnitude  of  dipole  moment 

15  of  the  base  material. 
The  moment  activator  itself  may  or  may  not  provide  a  large  magnitude  of  dipole  moment,  however,  in  combina- 

tion  with  the  base  material  it  can  significantly  promote  the  overall  magnitude  of  dipole  moment  in  the  base  material. 
[0036]  The  magnitude  of  dipole  moment  in  the  base  material  1  1  will  be  increased  by  three  to  ten  times  under  the  same 
temperature  and  energy  conditions  as  exemplary  shown  in  Fig.  3  by  blending  a  moment  activator  therein.  The  con- 

20  sumption  of  energy  provided  by  the  recovery  of  the  dipoles  in  the  base  material  is  unexpectedly  great,  providing  an 
unexpectedly  improved  total  energy  absorption/damping  capability. 
[0037]  The  moment  activator  which  can  provide  such  an  unexpected  effect  may  be  a  compound  or  compounds  having 
a  mercaptobenzothiazyl  radical  such  as  N,  N-  dicyclohexylbenzothiazyl  -  2  -  sulfenamide  (DCHBSA),  2  -  mercaptoben- 
zothiazole  (MBT),  dibenzothiazylsulfide  (MBTS),  N  -  cyclohexylbenzothiazyl  -  2  -  sulfenamide  (CBS),  N-  tert  -  butylben- 

25  zpth  iazyl  -  2  -  sulfenamide  (BBS),  N  -  oxydiethylenebenzothiazyl-  2  -  sulfenamide  (OBS),  or  N,  N  - 
diisopropylbenzothiazyl  -  2  -  sulfenamide  (DPBS), 

or  a  benzotriazole  radical  such  as  2  -  {2  '  -  hydroxy  -  3  '  -  (3",  4",  5",  6"  tetrahydrophthalimidemethyl)  -  5  '  -  meth- 
ylphenyl}  -  benzotriazole  (2HPMMB),  2  -  {  2  '  -  hydroxy  -  5  '-  methylphenyl}  -  benzotriazole  (2HMPB),  2  -  {2  '  -  hydroxy  - 
3  '  -  1  -  butyl  -  5  '  -  methylphenyl}  -  5  -  chlorobenzotriazole  (2HBMPCB),  2  -  {2  '  -  hydroxy  -  3  ',  5  '  -  di  -  1  -  butylphenyl}  - 

30  5  -  chlorobenzotirazole  (2HDBPCB)  having  as  a  nucleus  benzotriazole  comprising  an  azole  radical  bound  to  a  benzene 
ring,  to  which  a  phenyl  radical  is  bound,  or  a  diphenylacrylate  such  as  ethyl  -  2  -  cyano  -  3,  3  -  di-phenylacrylate. 
[0038]  Moment  activators  have  their  own  dipole  moment.  The  magnitude  of  dipole  moment  in  a  base  material  con- 
taining  a  moment  activator  is  subject  to  the  working  temperature  as  well  as  the  type  and  magnitude  of  energy  applied 
to  the  base  material.  Accordingly,  a  moment  activator  to  be  blended  in  a  base  material  should  be  selected  so  as  to  pro- 

35  vide  the  largest  possible  magnitude  of  dipole  moment  in  the  base  material,  considering  the  working  temperature  and 
the  type  and  magnitude  of  energy  to  be  applied 
[0039]  When  a  polymer  material  is  used  as  the  base  material  for  a  vibration  damping  or  sound  absorptive  material,  it 
is  important  to  select  a  moment  activator  to  be  blended  in  the  base  material  considering  the  compatibility  of  both,  or 
their  respective  SP  values,  which  should  advantageously  be  close  for  a  better  miscibility. 

40  [0040]  An  energy  conversion  product  according  to  this  invention  can  be  provided  by  blending  a  selected  base  material 
and  selected  moment  activator  and  optionally  additives  such  as  a  filler  or  dye,  and  molding  or  spinning  the  mixture  into 
a  film,  fibrous  or  block  material.  Conventional  blending  and  molding  or  spinning  means  can  be  utilized. 

Brief  Description  of  the  Drawings 
45 

[0041] 

FIG.  1  is  a  schematic  drawing  showing  a  state  of  dipoles  in  a  base  material; 
FIG.  2  is  a  schematic  drawing  showing  a  state  of  the  dipoles  in  the  base  material  after  subjection  to  energy; 

so  FIG.  3  is  a  schematic  drawing  showing  a  state  of  dipoles  in  a  base  material  where  a  moment  activator  is  blended; 
FIG.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  dielectric  loss  factor  (  e  ")  in  a 
base  material; 
FIG.  5  is  a  graph  showing  respective  relationships  between  the  temperature  and  elastic  tangents  (tan  5)  of  Embod- 
iment  1  and  Comparison  1  ; 

55  FIG.  6  is  a  graph  showing  respective  relationships  between  the  temperature  and  elastic  tangents  (tan  5)  of  Embod- 
iments  2  to  5  and  Comparison  2; 
FIG.  7  is  a  graph  showing  respective  relationships  between  the  temperature  and  elastic  tangents  (tan  5)  of  Embod- 
iments  6  to  9  and  Comparison  3; 
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FIG.  8  is  a  graph  showing  respective  relationships  between  the  temperature  and  elastic  tangents  (tan  5)  of  Embod- 
iments  10  to  12  and  Comparison  4; 
FIG.  9  is  a  graph  showing  respective  relationships  between  the  temperature  and  elastic  tangents  (tan  5)  of  Com- 
parisons  5  to  9; 
FIG.  1  0  is  a  graph  showing  respective  relationships  between  the  temperature  and  loss  factors  (  ri  )  of  Embodiments 
13  and  14  and  Comparison  10; 
FIG.  1  1  is  a  graph  showing  respective  relationships  between  the  temperature  and  loss  factors  (  ri  )  of  Samples  1  to 
6; 
FIG.  12  is  a  graph  showing  respective  relationships  between  the  temperature  and  loss  factors  (  ri  )  of  Samples  7  to 
10; 
FIG.  13  is  a  graph  showing  respective  relationships  between  the  temperature  and  loss  factors  (  ri  )  of  Samples  1  1 
to  13; 
FIG.  14  is  a  graph  showing  respective  relationships  between  the  temperature  and  loss  factors  (  ri  )  of  Samples  14 
to  17; 
FIG.  1  5  is  a  schematic  drawing  showing  a  sound  absorptive  film  comprising  a  sound  absorptive  material  according 
to  this  invention; 
FIG.  1  6  is  a  schematic  drawing  showing  a  sound  absorptive  sheet  comprising  sound  absorptive  fibers  according  to 
this  invention; 
FIG.  1  7  is  a  schematic  drawing  showing  a  sound  absorptive  foam  of  the  present  invention; 
FIG.  18  is  a  schematic  drawing  showing  a  sound  absorber  incorporating  a  sound  absorptive  sheet  according  to  the 
present  invention; 
FIG.  19  is  a  schematic  drawing  showing  a  porous  polyurethane  foam  containing  sound  absorption  fibers  according 
to  this  invention; 
FIG.  20  is  a  schematic  drawing  showing  a  sound  damping  paper  incorporating  sound  absorptive  fibers  according 
to  this  invention; 
FIG.  21  is  a  schematic  drawing  showing  a  sound  damping  fabric  incorporating  sound  absorptive  fibers  according 
to  this  invention; 
FIG.  22  is  a  graph  showing  the  sound  absorption  performance  of  Sample  4  in  relation  to  the  frequency; 
FIG.  23  is  a  graph  showing  the  sound  absorption  performance  of  Sample  3  in  relation  to  the  frequency; 
FIG.  24  is  a  graph  showing  the  sound  absorption  performance  of  Sample  2  in  relation  to  the  frequency; 
FIG.  25  is  a  graph  showing  the  sound  absorption  performance  of  Sample  1  in  relation  to  the  frequency; 
FIG.  26  is  a  graph  showing  respective  relationships  between  the  temperature  and  dynamic  loss  tangents  (tan  5)  of 
the  sound  absorptive  sheets  according  to  Embodiments  15  to  17  and  Comparisons  1  1  to  13; 
FIG.  27  is  a  graph  showing  respective  sound  absorption  performances  of  the  sound  absorptive  sheets  according 
to  Embodiment  1  5  and  Comparison  1  1  in  relation  to  the  frequency; 
FIG.  28  is  a  graph  showing  respective  sound  absorption  performances  of  the  sound  absorptive  sheets  according 
to  Embodiment  1  6  and  Comparison  1  2  in  relation  to  the  frequency; 
FIG.  29  is  a  graph  showing  respective  sound  absorption  performances  of  the  sound  absorptive  sheets  according 
to  Embodiment  1  7  and  Comparison  1  3  in  relation  to  the  frequency; 
FIG.  30  is  a  graph  showing  respective  sound  absorption  performances  of  the  test  pieces  of  Embodiments  18  to  20 
and  Comparison  14  in  relation  to  the  frequency; 
FIG.  31  is  a  graph  showing  respective  sound  absorption  performances  of  the  test  pieces  of  Embodiment  21  and 
Comparison  15  in  relation  to  the  frequency; 
FIG.  32  is  a  schematic  drawing  showing  a  shoe  incorporating  an  impact  absorptive  material  according  to  the 
present  invention; 
FIG.  33  is  a  schematic  drawing  showing  an  impact  absorptive  plaster  cast  incorporating  a  non-woven  cloth  com- 
prising  impact  absorptive  fibers  of  the  present  invention; 
FIG.  34  is  a  schematic  drawing  showing  a  top  cover  of  a  bicycle  saddle  comprising  an  impact  absorptive  material 
of  the  present  invention; 
FIG.  35  is  a  schematic  drawing  showing  an  impact  absorptive  bicycle  handle  grip  comprising  an  impact  absorptive 
material  of  the  present  invention; 
FIG.  36  is  a  graph  showing  respective  relationships  between  the  thickness  and  impact  resilience  of  the  samples  of 
Embodiment  22  and  Comparisons  16  to  20; 
FIG.  37  is  a  front  view  showing  an  impact  resilience  measuring  apparatus; 
FIG.  38  is  a  side  view  showing  the  impact  resilience  measuring  apparatus; 
FIG.  39  is  an  enlarged  view  showing  a  portion  of  the  impact  resilience  measuring  apparatus; 
FIG.  40  is  a  side  view  showing  the  enlarged  portion  of  the  impact  resilience  measuring  apparatus; 
FIG.  41  is  a  graph  showing  respective  relationships  between  the  thickness  and  impact  resilience  of  the  samples  of 
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Embodiments  22  to  25  and  Comparison  21  ; 
FIG.  42  is  an  enlarged  perspective  view  showing  an  impact  absorber  according  to  the  present  invention; 
FIG.  43  is  a  schematic  drawing  showing  an  apparatus  for  measuring  the  vibration  acceleration  level  of  the  impact 
absorbers  according  to  Embodiment  26  and  Comparisons  22  to  24; 

5  FIG.  44  is  a  graph  showing  respective  vibration  acceleration  levels  of  the  impact  absorbers  according  to  Embodi- 
ment  26  and  Comparisons  24  to  24; 
FIG.  45  is  a  side  view  schematically  showing  an  apparatus  for  measuring  the  vibration  acceleration  level  (dB)  of  the 
grip  tapes  according  to  Embodiment  27,  Comparison  25  and  Conventions  1  to  5; 
FIG.  46  is  a  plan  view  of  the  apparatus  of  Fig.  45; 

10  FIG.  47  is  a  graph  showing  the  respective  vibration  acceleration  levels  (dB)  of  the  grip  tapes  according  to  Embod- 
iment  27,  Comparison  25  and  Conventions  1  to  5; 
FIG.  48  is  a  schematic  drawing  showing  an  apparatus  for  measuring  the  vibration  acceleration  level  of  the  impact 
absorbers  according  to  Embodiments  28  to  31  and  Comparisons  26  to  33; 
FIG.  49  is  a  graph  showing  the  respective  vibration  acceleration  levels  of  the  impact  absorbers  according  to 

15  Embodiments  28  to  31  and  Comparisons  26  to  33  as  measured  by  the  apparatus  shown  in  Fig.  48; 
FIG.  50  is  a  schematic  drawing  showing  an  apparatus  for  measuring  the  vibration  acceleration  level  of  the  impact 
absorbers  as  applied  on  a  safety  shoe  (JIS  product)  according  to  Embodiments  28  to  31  and  Comparisons  26  to 
33; 
FIG.  51  is  a  graph  showing  the  respective  vibration  acceleration  levels  of  the  impact  absorbers  according  to 

20  Embodiments  28  to  31  and  Comparisons  26  to  31  as  measured  by  the  apparatus  shown  in  Fig.  50; 
FIG.  52  is  a  graph  showing  respective  relationships  between  the  frequency  and  electromagnetic  absorptive  capa- 
bilities  of  the  test  pieces  according  to  Embodiments  32  to  35  and  Comparison  34; 
FIG.  53  is  a  graph  showing  respective  relationships  between  the  frequency  and  electromagnetic  wave  absorption 
capabilities  of  the  electromagnetic  wave  absorptive  layers  according  to  Embodiments  36  to  39  and  Comparison  35; 

25  FIG.  54  is  a  schematic  drawing  showing  an  apparatus  for  measuring  the  piezoelectric  property  of  the  piezoelectric 
materials  according  to  Embodiments  40  to  42  and  Comparison  36; 
FIG.  55  is  a  schematic  drawing  showing  endothermic  pellets  of  the  present  invention; 
FIG.  56  is  a  schematic  drawing  showing  a  casing  of  a  seismic  vibration-proof  apparatus  and  a  viscous  fluid  in  the 
casing; 

30  FIG.  57  is  a  graph  showing  a  relationship  between  the  loss  factor  and  vibration  energy  absorption  rate  of  conven- 
tional  unconstrained  and  constrained  vibration  dampers; 
FIG.  58  is  an  enlarged  front  view  of  an  impact  absorber  partially  corrugated  and  laminated; 
FIG.  59  is  an  enlarged  front  view  of  another  impact  absorber  comprising  impact  absorptive  cylinders  shown  in  Fig. 
61  and  sheets  covering  both  top  and  bottom  surfaces  thereof; 

35  FIG.  60  is  a  cross  sectional  view  of  an  impact  absorptive  foam  of  the  present  invention; 
FIG.  61  is  a  perspective  view  of  impact  absorptive  cylinders  of  the  present  invention; 
FIG.  62  is  a  perspective  view  of  a  honeycomb  impact  absorber; 
FIG.  63  is  a  schematic  drawing  showing  front  forks  incorporating  an  impact  absorptive  material  according  to  this 
invention; 

40  FIG.  64  is  a  schematic  drawing  showing  another  type  of  front  forks  incorporating  an  impact  absorptive  material 
according  to  this  invention; 
FIG.  65  is  an  enlarged  cross  sectional  view  showing  another  state  of  the  front  forks  of  Fig.  64; 
FIG.  66  is  an  enlarged  cross  sectional  view  showing  a  grip  tape  according  to  the  present  invention; 
FIG.  67  is  an  enlarged  cross  sectional  view  showing  another  grip  tape  according  to  this  invention; 

45  FIG.  68  is  a  perspective  view  showing  yet  another  grip  tape  according  to  this  invention;  and 
FIG.  69  is  a  schematic  drawing  showing  a  shoe  incorporating  an  impact  absorptive  shoe  sole  according  to  this 
invention. 

Best  Mode  for  Carrying  Out  the  Invention 
50 

[0042]  Energy  conversion  compositions  according  to  the  present  invention  are  now  described  in  detail.  First,  a  vibra- 
tion  damping  material  of  this  invention  is  described.  The  vibration  damping  material  according  to  this  invention  includes 
a  moment  activator  in  its  base  material. 
[0043]  The  base  material  is  not  limited  to  but  may  be  a  polymer  material  such  as  polyvinyl  chloride,  polyethylene,  poly- 

55  propylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polysty- 
rene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber  (NBR), 
styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their  selected 
blend.  Polyvinyl  chloride  is  preferred  for  its  workability  and  low  cost. 

6 
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[0044]  The  relationship  between  the  magnitude  of  dipole  moment  and  the  vibration  energy  absorption  property  is 
described.  Fig.  1  shows  a  natural  state  or  original  orientation  of  dipoles  12  in  a  base  material  1  1  prior  to  the  transfer  of 
an  vibration  energy  thereto.  In  this  state,  the  dipoles  12  are  stable.  However,  when  a  vibration  energy  is  transferred  to 
the  base  material,  the  dipoles  12  in  the  base  material  1  1  are  displaced  into  an  unstable  state  such  as  shown  in  Fig.  2. 

5  The  dipoles  12  in  the  base  material  1  1  are  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0045]  There  is  involved  an  energy  consumption  there.  The  vibration  energy  is  assumed  to  be  absorbed  or  damped 
through  the  consumption  of  energy  provided  by  that  displacement  and  recovery  of  the  dipoles  in  the  base  material  1  1  . 
[0046]  Based  on  this  vibration  energy  consumption,  the  damping  capability  of  the  base  material  1  1  can  be  improved 
by  increasing  the  magnitude  or  amount  of  dipole  moment  in  the  base  material  1  1  .  Accordingly,  a  base  material  inher- 

10  ently  capable  of  providing  large  dipole  moment  in  the  molecules  should  be  selected  so  as  to  provide  a  high  vibration 
energy  absorption  capability. 
[0047]  A  base  material  inherently  capable  of  providing  a  large  magnitude  of  dipole  moment  may  be  a  polarity  polymer 
such  as  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  sty- 
rene-butadiene  rubber  (SBR),  or  chloroprene  rubber  (CR).  Such  polarity  polymers  can  also  inherently  provide  consid- 

15  erable  mechanical  strength  and  workability. 
[0048]  As  such  a  vibration  damping  material  can  be  used  on  automobiles,  interior  materials,  construction  materials, 
and  electric  appliances,  it  is  important  to  maximize  the  vibration  energy  damping  capability  at  operating  temperatures 
(operating  temperature  region  or  -  20°C  to  40  °C). 
[0049]  To  maximize  the  vibration  energy  absorption  capability  in  the  operating  temperature  region,  this  invention  pro- 

20  poses  use  of  a  polymer  such  as  polyvinyl  chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer, 
polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copolymer, 
or  styrene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  or  temperature  (Tg)  into  the  operating 
temperature  region,  or  a  polymer  having  a  glass  transition  point  within  the  operating  temperature  region  itself  such  as 

25  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR), 
natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  or  chlorinated  polyethylene. 
[0050]  In  selecting  an  appropriate  polymer  for  the  base  material  of  a  vibration  absorber  or  damper  of  the  present 
invention,  usability,  moldability,  availability,  temperature  property  such  as  heat  and  cold  resistance,  weatherability,  and 
price  should  also  be  taken  into  consideration. 

30  [0051]  The  base  material  includes  a  moment  activator  which  can  promote  dipole  moment  in  the  base  material.  The 
moment  activator  may  be  a  compound  having  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  a  diphenylacrylate 
radical  such  as  ethyl-2-cyano-3,  3-di-phenylacrylate. 
[0052]  To  improve  the  vibration  energy  absorption  capability,  mica  scales,  glass  pieces,  carbon  fibers,  calcium  car- 
bonate,  barite,  or  precipitated  barium  sulfate  may  be  optionally  blended  in  the  base  material. 

35  [0053]  A  vibration  absorber  of  the  present  invention  can  be  provided  by  mixing  such  a  base  material  and  a  moment 
activator,  with  an  optional  addition  of  such  a  filler,  by  a  conventional  melting  and  mixing  apparatus  such  as  a  heat  roll, 
Banbury  mixer,  two-axis  kneader,  or  extruder. 
[0054]  Such  a  vibration  damping  material  containing  a  moment  activator  can  significantly  promote  dipole  moment  in 
the  base  material  and  provide  an  excellently  improved  vibration  energy  absorption  capability. 

40  Dipole  moment  in  the  vibration  damping  material  may  be  defined  as  the  difference  in  dielectric  constant  (  e  ') 
between  A  and  B  shown  in  Fig.  4. 

Therefore,  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0055]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  dielectric  loss  factor  (  e  "). 
The  relationship  between  the  dielectric  constant  (  e  ')  and  dielectric  loss  factor  (  e  ")  is  given  as  follows: 

45  Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0056]  Through  a  lengthy  research  on  vibration  damping  materials,  the  inventors  have  discovered  that  the  vibration 
energy  absorption  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  ").  The  dielectric  loss  tangent 
(tan  5)  indicating  an  electronic  property  of  polymers  is  directly  related  to  the  elastic  tangent  (tan  5)  indicating  dynamic 
elasticity. 

so  [0057]  Through  tests  on  the  dielectric  loss  factor  (  e  ")  of  the  vibration  damping  materials,  the  inventors  have  also 
found  that  when  the  dielectric  loss  factor  is  50  or  over  at  the  frequency  of  1  10  Hz,  the  damping  materials  have  a  high 
elastic  tangent  (tan  5)  and  provide  an  excellent  vibration  energy  absorption  capability. 
[0058]  Thanks  to  such  an  excellent  vibration  absorption  capability,  the  vibration  damping  materials  of  the  present 
invention  can  be  advantageously  utilized  as  an  unconstrained  vibration  damper. 

55  [0059]  Vibration  dampers  are  categorized  in  two  types,  constrained  and  unconstrained.  An  unconstrained  type  of 
vibration  dampers  absorb  or  damp  vibration  energy  through  vibrations  of  a  viscoelastic  layer  (macromolecular  layer) 
provided  by  the  vibration  deformation  of  a  plate  member  such  as  a  steel  plate  and/or  through  frictional  energy  consump- 
tion. 
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[0060]  Conventional  unconstrained  vibration  dampers  do  not  provide  a  loss  factor  (  ri  )  0.  1  or  greater  as  shown  in  Fig. 
57.  To  provide  such  a  loss  factor,  a  conventional  damper  will  necessarily  become  very  thick  or  need  be  constrained  by 
sandwiching  the  damper  material  with  a  substrate  and  a  constraining  layer. 
[0061  ]  A  thick  unconstrained  vibration  damper  may  provide  an  improved  vibration  energy  absorption  capability,  how- 
ever,  it  is  technically  hard  to  process  such  a  thick  material  such  as  by  cutting  or  bending  it  to  a  desired  size  and  shape. 
In  addition,  such  a  thick  vibration  damper  cannot  easily  be  fixed  on  an  application  site. 
[0062]  Conversion  of  such  a  conventional  vibration  damping  material  into  a  constrained  type  vibration  damper 
requires  a  considerable  cost,  which  will  be  rather  heavy  in  weight  anyway. 
[0063]  A  vibration  damping  material  of  the  present  invention  can  appropriately  solve  such  technical  shortcomings  of 
conventional  vibration  damping  materials.  The  unconstrained  vibration  damper  of  the  present  invention  is  capable  of 
providing  vibration  energy  absorption  which  is  comparable  with  that  provided  by  conventional  constrained  vibration 
dampers,  and  is  much  lighter  and  thinner  than  those  conventional  dampers. 
[0064]  The  unconstrained  vibration  damper  of  the  present  invention  contains  in  its  base  material  a  moment  activator 
which  can  promote  dipole  moment. 
[0065]  The  relationship  between  the  dipole  moment  and  vibration  energy  absorption  capability  is  described.  Fig.  1 
shows  an  original  state  of  dipoles  12  in  a  base  material  1  1  prior  to  the  transfer  of  a  vibration  energy  thereon.  In  this 
arrangement,  the  dipoles  12  are  stable. 

When  a  vibration  energy  is  transferred  to  the  base  material  1  1  ,  the  dipoles  12  in  the  base  material  1  1  are  dis- 
placed  as  shown  in  Fig.  2  and  held  unstable.  The  dipoles  1  2  are  then  prompted  to  return  to  a  stable  state  such  as  shown 
in  Fig.  1. 
[0066]  The  vibration  energy  is  assumed  to  be  absorbed  or  damped  through  that  process  of  energy  consumption  by 
the  dipoles  12  in  the  base  material  1  1  . 
[0067]  Based  on  this  assumption  of  vibration  damping,  the  vibration  damping  capability  of  the  base  material  1  1  can 
be  improved  by  increasing  the  magnitude  of  dipole  moment  in  the  base  material  1  1  . 

Accordingly,  a  polymer  inherently  given  a  large  dipole  moment  in  the  molecules  can  be  advantageously  used  to 
provide  high  vibration  energy  absorption. 
[0068]  Polymers  whose  molecules  can  inherently  provide  a  large  dipole  moment  are  polarity  polymers  such  as  poly- 
vinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene 
rubber  (SBR),  and  chloroprene  rubber  (CR).  Such  a  polarity  polymer  provides  an  excellent  mechanical  strength  and  is 
easy  to  process. 
[0069]  As  the  unconstrained  vibration  damper  of  the  present  invention  may  be  advantageously  utilized  on  automo- 
biles,  interior  materials,  construction  materials,  or  electric  appliances,  it  is  essential  to  maximize  the  vibration  energy 
damping  capability  in  their  operating  temperature  range  . 
[0070]  To  maximize  the  vibration  energy  absorption  capability  within  the  operating  temperature  range,  a  polymer 
which  has  or  will  have  a  glass  transition  point  in  the  operating  temperature  range  should  advantageously  be  used  as  a 
base  material.  Such  polymers  are  polyvinyl  chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer, 
polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copolymer, 
and  styrene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  or  temperature  (Tg)  into  the  operating 
temperature  range  of  -  20°C  to  40°C,  or  polymers  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR), 
styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber 
(CR),  and  chlorinated  polyethylene  which  themselves  inherently  have  a  glass  transition  point  (Tg)  in  the  operating  tem- 
perature  range. 
[0071]  In  selecting  an  appropriate  polymer  for  the  base  material  of  a  vibration  damper  of  the  present  invention,  not 
only  the  magnitude  of  dipole  moment  and  the  operating  temperature  range  but  also  usability,  moldability,  availability, 
temperature  property,  weatherability,  and  price  are  to  be  taken  into  consideration. 
[0072]  The  base  material  is  provided  with  a  moment  activator  of  a  compound  or  compounds  selected  from  among 
compounds  containing  a  mercaptobenzothiazyle  or  benzotriazole  radical,  or  a  diphenylacrylate  radical  such  as  ethyl-2- 
cyano-3,  3-di-phenylacrylate. 
[0073]  Preferably,  1  01  to  500  parts  by  weight  of  a  moment  activator  is  blended  in  1  00  parts  by  weight  of  a  base  mate- 
rial.  If  less  than  101  parts  by  weight  of  a  moment  activator  is  mixed,  the  moment  activator  will  not  provide  a  sufficient 
dipole  moment  promotion,  whereas  if  more  than  500  parts  by  weight  of  a  moment  activator  is  blended,  insufficient  mis- 
cibility  with  the  base  material  will  result. 
[0074]  To  select  an  appropriate  moment  activator  to  be  blended  into  a  base  material,  the  miscibility  (SP  value) 
between  the  moment  activator  and  the  base  material  should  be  taken  into  due  consideration.  The  SP  value  of  the 
moment  activator  and  that  of  the  base  material  should  be  close  enough  to  each  other  for  desirable  blending. 
[0075]  The  magnitude  or  amount  of  dipole  moment  in  the  base  material  is  subject  to  the  base  material  component  or 
components  and  the  moment  activator.  The  magnitude  is  also  subject  to  the  working  temperature  and  the  magnitude 
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of  energy  transferred  to  the  base  material. 
Accordingly,  the  base  material  and  the  moment  activator  to  be  blended  into  the  base  material  should  be  selected 

so  as  to  provide  the  largest  possible  dipole  moment  for  a  probable  operation  temperature  range  and  magnitude  of  vibra- 
tion  energy  to  be  applied. 

5  [0076]  A  moment  activator  comprising  a  plurality  of  different  compounds  or  different  moment  activators  may  be 
blended  in  a  base  material,  in  which  case  two  or  more  types  of  moment  activators  having  substantially  different  glass 
transition  points  may  advantageously  be  used  to  expand  the  effective  working  temperature  zone  by  combining  their 
respective  working  temperature  ranges.  Such  moment  activators  may  be  selected  from  among  the  combinations  of 
DCHP  and  DCHBSA  or  DCHP,  DCHBSA  and  ECDPA  for  a  base  material  of  polyvinyl  chloride. 

10  [0077]  In  addition  to  such  a  moment  activator,  a  filler  or  fillers  such  as  mica  scales,  glass  pieces,  carbon  fibers,  cal- 
cium  carbonate,  barite,  or  precipitated  barium  sulfate  may  be  blended  in  the  base  material  to  further  improve  the  vibra- 
tion  absorption  capability  of  the  base  material.  Preferably,  20  to  80  parts  by  weight  of  a  filler  or  fillers  are  blended  in  the 
base  material.  When  less  than  20  parts  by  weight,  of  such  a  filler  is  blended,  the  filler  will  not  sufficiently  improve  the 
vibration  absorption  capability,  whereas  if  more  than  80  parts  by  weight  of  such  a  filler  is  blended,  the  filler  will  not  blend 

15  well  in  the  base  material  or  will  reduce  the  mechanical  strength  of  the  vibration  damping  product. 
[0078]  The  unconstrained  vibration  damper  of  the  present  invention  can  be  obtained  by  mixing  a  base  material  and 
a  moment  activator  and  optionally  a  filler  by  a  conventional  melt/mix  apparatus  such  as  a  heat  roll,  Banbury  mixer,  two- 
axis  kneader,  or  extruder. 
[0079]  As  described  above,  the  moment  activator  blended  in  the  base  material  of  the  unconstrained  vibration  damper 

20  of  the  present  invention  can  significantly  promote  dipole  moment  in  the  base  material  and  provide  an  excellent  vibration 
energy  absorption  effect.  The  amount  of  dipole  moment  in  the  unconstrained  vibration  damper  is  given  as  the  difference 
in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4.  Dipole  moment  increases  as  the  difference  in  dielectric 
constant  (  e  ')  between  A  and  B  shown  in  Fig.  4  increases. 
[0080]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 

25  ").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0081]  Through  a  lengthy  research  on  unconstrained  types  of  vibration  dampers,  the  inventors  have  found  that  the 
loss  factor  (  ri  )  increases  as  the  dielectric  loss  factor  (  e  ")  increases.  The  dielectric  loss  factor  (  e  ")  indicating  an  elec- 
tronic  property  of  polymers  is  correlated  with  the  loss  factor  (  ri  )  indicating  a  dynamic  characteristic. 

30  [0082]  Testing  on  the  dielectric  loss  factor  (  e  ")  of  the  unconstrained  vibration  dampers,  the  inventors  have  found  that 
when  the  dielectric  loss  factor  is  50  or  larger  at  1  10  Hz,  the  unconstrained  vibration  damping  material  has  an  excellent 
loss  factor  (h)  and  provides  excellent  vibration  energy  absorption. 
[0083]  The  vibration  damping  materials  described  above  can  also  be  utilized  as  vibration  damping  or  absorptive 
paints. 

35  [0084]  Conventionally  vibration  damping  sheets  are  applied  on  automobiles,  interior  materials,  construction  materials, 
and  electric  appliances  where  vibrations  are  inherent. 
[0085]  Such  a  vibration  damping  sheet  is  first  cut  to  a  size  and  shape  corresponding  to  an  application  site,  which  is 
often  manually  mounted  on  the  application  site  using  an  adhesive.  The  application  of  such  a  vibration  damper  on  a 
curbed  portion  or  narrow  gap  is  time  consuming  and  problematical. 

40  [0086]  In  view  of  such  disadvantages,  conventional  vibration  damping  paints  have  recently  been  proposed,  in  which 
mica  scales  are  mixed  in  the  paint  base  material  usually  of  a  viscoelastic  polymer  such  as  rubber,  plastic  or  asphalt. 
Such  conventional  vibration  damping  paints  provide  a  damping  layer  by  spraying  or  brushing  means  without  requiring 
problematical  cutting  or  sticking  on  even  curbed  surfaces  or  in  narrow  gaps.  As  spray  application  is  possible,  a  robot 
can  be  introduced  to  perform  the  application  operation,  substantially  improving  work  efficiency  and  lowering  cost. 

45  [0087]  Despite  these  advantages,  as  the  thickness  of  the  conventional  vibration  damping  films  or  layers  provided  with 
such  a  damping  paint  are  limited  to  2  mm  or  so,  the  films  cannot  not  provide  sufficient  and  substantial  vibration  damp- 
ing. 
[0088]  The  vibration  damping  paint  prepared  according  to  the  present  invention  can  solve  such  a  technical  weakness 
and  provide  a  thin  but  excellent  vibration  damping  layer  or  film. 

so  [0089]  The  vibration  damping  paint  according  to  this  invention  includes  a  moment  activator  in  the  base  material,  which 
can  promote  dipole  moment  in  the  paint. 
[0090]  The  relationship  between  the  dipole  moment  and  vibration  energy  absorption  capability  is  explained.  Fig.  1 
shows  an  arrangement  of  dipoles  12  in  a  vibration  damping  layer  (base  material)  1  1  prior  to  the  transfer  of  a  vibration 
energy  thereon.  Here,  the  dipoles  12  are  held  stable.  However,  when  a  vibration  energy  is  transferred  to  the  damping 

55  layer  1  1  ,  the  dipoles  1  2  in  the  layer  1  1  are  displaced  into  an  unstable  state  such  as  shown  in  Fig.  2.  The  dipoles  1  2  then 
are  prompted  to  move  or  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0091  ]  There  occurs  energy  consumption  in  the  process.  The  vibration  energy  is  greatly  absorbed  through  that  energy 
consumption  process  provided  by  the  displacement  and  recovery  of  the  dipoles  1  2  in  the  damping  film  or  base  material 
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11. 
[0092]  The  vibration  damping  capability  of  the  damping  layer  1  1  can  be  improved  by  promoting  dipole  moment  in  the 
damping  film  11. 

Accordingly,  a  material  which  can  inherently  provide  large  dipole  moment  in  the  molecules  should  be  used  for 
5  the  base  material  of  the  vibration  damping  paint. 

[0093]  Such  a  material  may  be  a  polarity  polymer  such  as  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber 
(ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  or  chloroprene  rubber  (CR). 
[0094]  Since  the  vibration  damping  paint  according  to  this  invention  is  likely  applied  on  automobiles,  interior  materials, 
construction  materials,  and  electric  appliances,  it  is  essential  that  the  vibration  energy  damping  capability  is  maximized 

w  in  the  operation  temperature  range  or  -  20°C  to  40°C. 
[0095]  To  maximize  the  vibration  energy  absorption  capability  in  the  operation  temperature  range,  this  invention  pro- 
poses  that  a  polymer  or  polymers  which  will  have  a  glass  transition  point  in  the  operating  temperature  region  be  used 
as  the  base  material,  such  as  polyvinyl  chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer, 
polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copolymer, 

15  and/or  styrene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature 
range  of  -  20°C  to  40°C,  or  a  polymer  or  polymers  which  inherently  have  a  glass  transition  point  there,  such  as  acrylic 
rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural 
rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  and/or  chlorinated  polyethylene. 

20  [0096]  Besides  the  above  compounds,  other  materials  such  as  polyurethane  or  asphalt  materials  which  are  conven- 
tionally  used  as  vibration  damping  paint  base  materials  can  be  blended  as  well. 
[0097]  In  selecting  an  appropriate  base  material  for  a  vibration  damping  paint,  not  only  the  magnitude  of  dipole 
moment  and  the  operating  temperature  region  but  also  usability,  easiness  to  process,  availability,  temperature  property, 
weatherability,  and  price  are  to  be  duly  considered. 

25  [0098]  The  moment  activator  to  be  blended  in  the  base  material  is  advantageously  selected  from  compounds  con- 
taining  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  compounds  containing  a  diphenylacrylate  radical  such  as 
ethyl-2-cyano-3,  3-di-phenylacrylate. 
[0099]  Preferably,  1  0  to  1  00  parts  by  weight  of  a  moment  activator  is  blended  in  1  00  parts  by  weight  of  a  base  material  . 
If  less  than  10  parts  by  weight  is  mixed,  the  dipole  moment  will  not  be  sufficiently  promoted,  whereas  more  than  100 

30  parts  by  weight  will  lead  to  insufficient  miscibility  with  the  base  material  and  thus  insufficient  durability  or  integrity. 
[0100]  To  select  an  appropriate  moment  activator  to  be  blended  in  the  paint,  the  miscibility  between  the  moment  acti- 
vator  and  the  paint  base  material  should  be  excellent,  or  both  SP  values  should  be  close  enough  to  each  other. 
[0101]  The  magnitude  of  dipole  moment  depends  on  the  paint  base  material  and  moment  activator  used.  The  mag- 
nitude  of  dipole  moment  also  varies  with  the  operating  temperature  and  is  affected  by  the  magnitude  of  energy  trans- 

35  ferred  to  the  vibration  damping  paint  layer.  Accordingly,  the  paint  base  material  and  moment  activator  should  be 
selected  appropriately  to  provide  the  largest  possible  dipole  moment  by  considering  the  expected  working  temperature 
and  magnitude  of  vibration  energy. 
[0102]  A  plurality  of  different  moment  activators  or  a  moment  activator  comprising  a  plurality  of  activating  compounds 
may  be  blended  in  a  base  material,  in  which  case  it  is  advantageous  that  they  respectively  have  sufficiently  different 

40  glass  transition  points  so  as  to  expand  the  workable  or  effective  temperature  region.  Such  moment  activators  may  be 
selected  from  the  combinations  of  DCHP  and  DCHBSA  or  DCHP,  DCHBSA  and  ECDPA  for  a  base  material  of  polyvinyl 
chloride. 
[0103]  In  addition,  a  filler  or  fillers  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate, 
barite,  or  precipitated  barium  sulfate  may  be  selectively  and  optionally  blended  into  the  base  material  to  further  improve 

45  the  absorption  capability  and  increase  the  mechanical  integrity  of  the  vibration  damping  paint. 
Preferably,  10  to  90  parts  by  weight  of  a  filler  is  blended  in  100  parts  by  weight  of  the  base  material.  Less  than 

10  parts  by  weight  will  not  sufficiently  improve  the  absorption  capability,  whereas  more  than  90  parts  by  weight  will  be 
impractical  as  the  integrity  of  the  base  material  will  be  weakened. 
[0104]  The  vibration  damping  paint  according  to  this  invention  may  be  provided  in  an  emulsion  form  by  mixing  the 

so  paint  material  and  moment  activator  and  an  optional  filler  and  dispersing  the  mixture  in  water  or  alcohol.  Other  materials 
such  as  a  dispersing  agent,  wetting  agent,  thickener,  antifoaming  agent,  or  colorant  may  be  optionally  added. 
[0105]  To  use  such  vibration  damping  paints,  a  conventional  air  spray  gun,  airless  spray  gun,  or  brush  may  be  used. 
[0106]  As  described  above,  a  moment  activator  is  blended  in  a  vibration  damping  paint  base  material  to  significantly 
promote  dipole  moment  in  the  paint  and  provide  an  excellently  improved  vibration  energy  absorption  capability.  The 

55  amount  of  dipole  moment  in  the  damping  paint  is  represented  by  the  difference  in  dielectric  constant  (  e  ')  between  A 
and  B  shown  in  Fig.  4.  The  magnitude  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between 
A  and  B  increases. 
[0107]  Fig.  4  shows  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  "),  which  is 
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given  as  follows: 

Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5). 

5  [0108]  The  inventors  have  discovered  that  both  the  loss  factor  (  ri  )  and  the  loss  tangent  (tan  5)  increase  as  the  die- 
lectric  loss  factor  (  e  ")  increases.  That  is,  the  dielectric  loss  factor  (  e  ")  indicating  an  electronic  property  of  polymers  is 
correlated  with  the  loss  factor  (  ri  )  and  loss  tangent  (tan  5)  indicating  dynamic  characteristics. 
[0109]  Tests  on  the  dielectric  loss  factor  (  e  ")  of  those  vibration  damping  paints  have  proved  that  when  the  dielectric 
loss  factor  is  50  or  larger  at  the  frequency  of  1  10  Hz,  a  vibration  damping  layer  formed  with  those  damping  paints  pro- 

w  vides  an  excellently  improved  loss  factor  (h)  and  loss  tangent  (tand),  thus  an  excellent  vibration  energy  absorption 
capability. 
[01  1  0]  Next,  sound  or  noise  absorptive  materials  of  the  present  invention  are  described. 
[01  1  1  ]  Conventional  sound  absorptive  or  damping  materials  are  prepared  of  rockf  ibers,  glass  wool,  or  open  cell  foam 
polyurethane  moldings,  often  covered  with  a  film  material.  In  such  a  sound  absorptive  material,  an  acoustic  energy  hits 

15  and  passes  through  the  fibrous  or  porous  surface,  and  loses  its  energy  as  heat  through  friction  therewith.  Accordingly, 
how  to  increase  surface  acoustic  resistance  of  the  fibrous  or  porous  surface  was  a  main  concern  to  improve  the  sound 
damping  of  such  conventional  sound  absorptive  materials. 
[01  1  2]  Such  a  conventional  sound  absorptive  material  need  be  relatively  thick  to  provide  sufficient  sound  absorption, 
particularly  to  effectively  damp  sound  of  a  low  frequency  such  as  1  ,000  Hz  or  less,  or  500  Hz  or  less  in  particular.  How- 

20  ever,  the  thickness  cannot  be  increased  without  inviting  various  accompanying  shortcomings. 
[0113]  Sound  absorptive  materials  according  to  this  invention  can  provide,  even  when  made  very  thin,  excellent 
absorption  of  sound  or  noise  including  sound  of  a  low  frequency  such  as  1  ,000  Hz  or  less,  or  even  500  Hz  or  less. 
[0114]  The  sound  absorptive  material  of  the  present  invention  may  be  made  into  a  sound  absorptive  film,  fiber 
(strands),  foam,  paper,  and  molding.  The  sound  absorptive  material  of  the  present  invention  includes  a  moment  activa- 

25  tor  (or  activators)  which  can  promote  dipole  moment  in  its  base  material. 
[0115]  The  base  material  may  be  a  polymer  material  such  as  polyvinyl  chloride,  polyethylene,  polypropylene,  ethyl- 
ene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-buta- 
diene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  polyester,  polyurethane,  polyamide,  polyvinylidene, 
polyacrylonitrile,  polyvinylalcohol,  cellulose,  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR), 

30  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their  selected  mixture. 
[0116]  Sound  hits  and  passes  through  the  fibrous  or  porous  surface  and  is  excellently  damped  through  conversion 
into  frictional  heat. 
[01  1  7]  The  sound  energy  is  further  damped  when  the  sound  collides  against  the  base  material.  The  dipoles  1  2  in  the 
base  material  1  1  as  shown  in  Fig.  1  are  displaced  to  a  state  such  as  shown  in  Fig.  2  by  rotation  or  shifting  of  phase 

35  within  the  base  material  1  1  . 
[0118]  Prior  to  the  application  of  a  sound  energy,  the  dipoles  12  in  the  base  material  1  1  are  stable,  however,  the  col- 
lision  of  the  sound  causes  displacement  of  the  dipoles  12  into  an  unstable  state. 

The  dipoles  1  2  are  then  prompted  to  go  back  to  a  stable  state. 
[01  1  9]  Energy  is  then  consumed.  The  sound  absorption  function  is  provided  through  the  generation  of  frictional  heat 

40  on  the  surface  of  the  base  material  and  the  consumption  of  energy  by  the  displacement  and  recovery  of  the  dipoles  1  2 
within  the  base  material  1  1  . 
[0120]  Sound  absorption  provided  by  the  present  invention  is  assumed  to  be  associated  with  both  the  magnitude  of 
surface  resistance  per  unit  area  of  the  base  material  (as  in  conventional  sound  absorptive  materials)  and  the  magnitude 
of  the  dipole  moment  provided  in  the  base  material  1  1  .  The  inventors'  experiment  has  shown  that  the  sound  damping 

45  capability  of  the  base  material  1  1  is  improved  by  increasing  the  amount  of  dipole  moment  in  the  base  material  1  1  . 
[0121]  The  magnitude  of  dipole  moment  is  subject  to  the  base  material,  though,  even  if  the  same  polymer  material  is 
used,  the  magnitude  of  the  dipole  moment  to  be  provided  in  the  base  material  varies  with  the  operation  temperature 
and  the  frequency  of  sound.  The  magnitude  of  dipole  moment  is  also  affected  by  the  magnitude  of  sound  energy 
applied  to  the  base  material.  Thus,  the  polymer  for  the  base  material  should  be  selected  so  as  to  provide  the  largest 

so  possible  amount  of  dipole  moment,  considering  the  probable  working  temperature,  frequency  of  sound,  and  magnitude 
of  sound  energy  for  a  particular  application  of  the  sound  damping  material  of  the  present  invention. 
[0122]  To  choose  an  appropriate  polymer  for  the  base  material,  not  only  the  amount  of  dipole  moment  in  the  base 
material  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and  price  should  be  duly  consid- 
ered  in  accordance  with  a  particular  application. 

55  [0123]  The  sound  absorptive  material  according  to  this  invention  contains  in  the  base  material  a  moment  activator 
which  can  significantly  promote  dipole  moment  in  the  base  material. 

The  moment  activator  is  a  compound  or  compounds  containing  a  mercaptobenzothiazyle  or  benzotriazole  radi- 
cal  or  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3-di-phenylacrylate. 

11 



EP  0  897  675  A1 

[0124]  The  sound  absorptive  material  may  be  obtained  by  mixing  an  appropriately  selected  base  material  and  such 
a  moment  activator  with  an  optional  corrosion  inhibitor  or  dye  as  desired,  and  molding  or  spinning  the  mixture  into  films, 
fibers  or  blocks.  A  conventional  molder  or  spinner  may  be  used  to  provide  the  sound  absorptive  products  of  the  present 
invention. 

5  [0125]  In  the  sound  absorptive  material  containing  a  moment  activator,  the  amount  of  dipole  moment  in  the  base 
material  significantly  increases  and  provides  excellent  damping  of  sound  energy. 

The  magnitude  of  dipole  moment  is  defined  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown 
in  Fig.  4. 

The  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
10  [0126]  Fig.  4  shows  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ").  The  rela- 

tionship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0127]  A  strenuous  research  on  sound  absorptive  materials,  the  inventors  have  found  that  the  energy  absorption 
capability  can  be  greatly  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 

15  [0128]  Through  study  on  the  dielectric  loss  factor  (  e  ")  of  sound  absorptive  materials,  the  inventors  have  also  discov- 
ered  that  excellent  energy  absorption  is  provided  when  the  dielectric  loss  factor  is  7  or  greater  at  1  10  Hz. 
[0129]  The  sound  absorption  material  according  to  the  present  invention  can  be  used  as  a  sound  absorptive  sheet 
which  may  be  used  as  Japanese  slide  door  paper,  wall  paper  or  ceiling  cloth. 
[0130]  Conventional  sound  absorptive  sheets  incorporate  rock  fibers,  glass  wool  or  felt.  In  such  a  conventional  sound 

20  absorptive  sheet,  sound  is  damped  through  conversion  into  frictional  heat. 
[0131]  The  surface  acoustic  resistance  of  the  component  fibers  of  the  conventional  sound  absorptive  sheet  can  be 
improved  somewhat,  however,  such  a  conventional  sound  absorptive  sheet  is  required  to  have  a  thickness  of  5  or  10 
mm,  or  even  20  to  30  mm  to  provide  sufficient  noise  damping.  Thus,  such  a  thick  material  has  been  utilized  as  a  back- 
filling  material  For  doors,  walls  or  ceiling  panels,  not  directly  as  door  paper,  wall  paper  or  ceiling  cloth. 

25  [0132]  The  sound  absorptive  sheet  according  to  this  invention  can  effectively  solve  the  shortcomings  and  can  be  uti- 
lized  directly  as  a  sheet  of  paper  or  cloth. 
[0133]  The  sound  absorptive  sheet  of  the  present  invention  may  take  a  form  of  a  fibrous  sheet  on  which  a  polymer 
material  is  deposited. 

Although  this  sheet  is  thin  like  paper,  it  can  provide  sufficient  sound  absorption. 
30  [0134]  Such  a  fibrous  sheet  may  be  any  sheet  composed  of  fibers  of  the  present  invention.  A  non-woven  fabric  may 

be  advantageously  utilized. 
[0135]  An  appropriate  polymer  material  or  materials  to  be  used  as  a  base  material  of  the  present  invention  are 
blended  with  a  moment  activator  which  can  magnify  the  dipole  moment  in  the  base  material. 

The  relationship  between  the  amount  of  dipole  moment  and  the  sound  absorption  capability  is  described  again 
35  hereunder.  Fig.  1  shows  an  exemplary  arrangement  of  dipoles  1  2  in  a  polymer  material  (base  material)  1  1  prior  to  appli- 

cation  of  a  sound  energy. 
The  arrangement  of  the  dipoles  12  is  stable.  A  sound  energy  displaces  the  dipoles  12  in  the  base  material  1  1 

into  an  unstable  state  such  as  shown  in  Fig.  2,  which  are  prompted  to  return  to  a  stable  state. 
[0136]  Sound  energy  consumption  takes  place  then.  The  sound  absorption  capability  unique  to  the  present  invention 

40  seems  provided  by  this  consumption  of  energy  provided  through  the  displacement  and  recovery  of  the  dipoles  1  2  in  the 
polymer  material  or  base  material  1  1  . 
[0137]  Based  on  this  theory  of  sound  absorption,  the  sound  absorption  capability  of  the  polymer  material  1  1  can  be 
improved  by  increasing  the  magnitude  of  dipole  moment  in  the  polymer  material  1  1  . 

Accordingly,  it  is  advantageous  to  use  a  polymer  material  inherently  having  a  large  dipole  moment  in  the  mole- 
45  cules  so  as  to  provide  improved  sound  absorption. 

[0138]  Polarity  polymers  can  provide  a  large  magnitude  of  dipole  moment.  Such  polarity  polymers  may  be  polyvinyl 
chloride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rub- 
ber  (SBR),  and  chloroprene  rubber  (CR). 

Such  a  polarity  polymer  can  provide  an  excellent  mechanical  strength  and  is  easy  to  process. 
so  [0139]  The  sound  absorptive  sheet  according  to  this  invention  may  be  used  as  door  paper,  wall  paper  or  ceiling  cloth, 

so  it  is  advantageous  to  maximize  the  sound  absorption  capability  in  the  operating  temperature  region  or  -  20°C  to 
40°C. 
[0140]  To  maximize  the  sound  absorption  capability  in  the  operating  temperature  region,  the  sound  absorptive  sheet 
according  to  this  invention  selectively  comprises  a  polymer  or  polymers  which  have  a  glass  transition  point  falling  in  the 

55  operating  temperature  region,  such  as  polyvinyl  chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copoly- 
mer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copol- 
ymer,  and  styrene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP), 
dibutylphthalate  (DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  the  glass  transition  point  (Tg)  into  the  operating 
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temperature  region  of  -  20°C  to  40°C,  or  polymers  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR), 
styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber 
(CR),  and  chlorinated  polyethylene  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature 
region  of  -  20°C  to  40°C. 

5  [0141]  In  selecting  an  appropriate  polymer  material,  not  only  the  amount  of  dipole  moment  and  the  operating  temper- 
ature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and  price  are  to  be  duly  con- 
sidered  for  a  particular  usage. 
[0142]  The  moment  activator  to  be  blended  may  be  a  single  compound  or  a  plurality  of  compounds  selected  from  ones 
containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  and  ones  containing  a  diphenylacrylate  radical  such  as 

10  ethyl-2-cyano-3,  3-di-phenylacrylate. 
[0143]  Preferably,  10  to  300  parts  by  weight  of  a  moment  activator  is  mixed  in  100  parts  by  weight  of  a  base  polymer 
material.  If  less  than  10  parts  by  weight  is  mixed,  the  addition  of  the  moment  activator  will  not  provide  sufficient  promo- 
tion  of  dipole  moment,  whereas  if  more  than  300  parts  by  weight  of  a  moment  activator  is  mixed,  the  moment  activator 
will  not  sufficiently  blend  with  the  polymeric  base  material. 

15  [0144]  Accordingly,  in  selecting  an  appropriate  moment  activator  to  be  blended,  the  miscibility  between  the  moment 
activator  and  polymeric  base  material  should  appropriately  be  considered,  or  the  SP  values  of  both  should  be  close 
enough  to  each  other. 
[0145]  The  magnitude  of  dipole  moment  is  dependent  on  the  polymer  material  and  moment  activator.  The  magnitude 
of  dipole  moment  also  varies  with  the  operation  temperature  as  well  as  affected  by  the  magnitude  of  sound  energy 

20  applied.  Thus,  the  polymer  base  material  and  moment  activator  should  be  selected  so  as  to  provide  the  largest  possible 
amount  of  dipole  moment,  taking  the  expected  temperature  and  magnitude  of  sound  energy  into  due  consideration. 
[0146]  The  sound  absorptive  sheet  according  to  this  invention  can  be  provided  in  an  emulsion  form  comprising  a 
selected  polymer  material  blended  with  a  selected  moment  activator,  which  is  provided  on  a  fibrous  base  sheet.  The 
amount  of  the  polymer  material  deposited  on  the  fibrous  sheet  is  not  particularly  limited  to  but  is  preferably  20  to  300 

25  g/m2,  more  preferably  40  to  200  g/m2.  Less  than  20g/m2  of  the  polymer  material  deposited  on  the  sheet  will  not  provide 
sufficient  sound  absorption,  whereas  more  than  300  g/m2  of  the  polymer  material  deposited  on  the  sheet  will  give  very 
poor  appearance  and  degraded  nature. 
[0147]  It  is  well  known  in  the  field  of  sound  absorptive  materials  that  the  sound  absorption  capability  of  a  sound 
absorptive  material  is  subject  to  the  frequency  of  sound.  The  sound  absorptive  sheet  of  the  present  invention  can  cope 

30  with  various  types  of  sounds  by  controlling  its  thickness  or  size.  For  example,  for  low  frequencies,  the  thickness  of  the 
sound  absorptive  sheet  is  reduced  and/or  its  area  is  increased.  For  high  frequencies,  the  thickness  of  the  sheet  is 
increased  and/or  its  area  is  reduced. 
[0148]  As  described  above,  in  the  sound  absorptive  sheet  of  the  present  invention  comprising  a  fibrous  sheet  on 
which  are  deposited  a  selected  polymer  base  material  and  moment  activator  blended  therewith,  the  amount  of  dipole 

35  moment  in  the  polymer  base  material  is  significantly  promoted  and  provides  excellent  sound  absorption.  The  amount 
of  dipole  moment  in  the  sound  absorptive  sheet  is  defined  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and 
B  shown  in  Fig.  4.  That  is,  the  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between 
A  and  B  increases. 
[0149]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 

40  ").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0150]  Through  research  on  sound  absorptive  sheets,  the  inventors  have  discovered  that  the  sound  energy  absorp- 
tion  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 
[0151]  Studying  the  dielectric  loss  factor  (  e  ")  of  the  sound  absorptive  sheets  of  the  present  invention,  the  inventors 

45  have  found  that  the  sheets  provide  excellently  improved  sound  absorption  when  the  dielectric  loss  factor  is  7  or  greater 
at  the  frequency  of  1  10  Hz. 
[0152]  The  sound  absorptive  material  according  to  this  invention  can  be  incorporated  into  a  foamed  sound  absorptive 
sheet  to  be  applied  on  automobiles,  interior  materials,  construction  materials,  or  electric  appliances. 
[01  53]  Conventional  foamed  sound  absorptive  materials  utilize  foamed  moldings  provided  by  a  polymer  such  as  poly- 

50  urethane,  polyethylene,  or  polyvinyl  chloride.  When  sound  collides  with  such  a  conventional  foamed  sound  absorptive 
material,  vibrations  are  transmitted  to  the  porous  portions  in  the  sound  absorptive  material,  where  the  viscous  friction 
of  air  takes  place,  partially  converting  the  sound  energy  into  beat,  and  providing  damping  of  the  sound  energy. 
[0154]  A  problem  pertaining  to  such  conventional  foamed  sound  absorptive  materials  is  that  they  do  not  provide  suf- 
ficient  damping  for  sounds  of  a  frequency  below  2,000  Hz. 

55  [0155]  To  sufficiently  absorb  and  damp  a  sound  of  a  frequency  below  2,000  Hz,  a  conventional  foamed  sound  absorp- 
tive  material  needs  to  be  thick,  as  thick  as  3.4  cm  for  sound  of  10  KHz  and  even  3.4  m  for  sound  of  100  Hz,  which  has 
been  impractical  for  application  due  to  limitation  of  available  space  and  cost. 
[0156]  Attempts  have  been  made  to  promote  the  material  density,  expansion  rate,  or  porosity  rate  of  conventional 
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foamed  dampers  to  improve  their  damping  capability  to  damp  sounds  of  frequencies  below  2,000  Hz.  The  improvement 
with  such  attempts  have  been  only  20  to  30%  at  best.  Provision  of  sufficient  sound  absorption  has  not  been  successful 
with  conventional  noise  dampers. 
[0157]  Foamed  sound  absorptive  materials  according  to  this  invention  can  appropriately  cope  with  these  shortcom- 

5  ings  and  sufficiently  absorb  sound  of  frequencies  below  2,000  Hz. 
[0158]  A  foamed  sound  damper  of  the  present  invention  may  be  provided  by  foam  molding.  The  foamed  molding  may 
be  provided  by  foaming  a  polymer  such  as  polyurethane,  polyvinylalcohol,  polyvinyl  chloride,  chlorinated  polyethylene, 
polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  styrene- 
butadinene-acrylonitrile  copolymer,  polyvinylformal,  epoxy,  phenol,  urea,  or  silicon,  or  rubber  polymer  such  as  acryl  rub- 

10  ber  (ACR),  acrylonitrile-butadinene  rubber  (NBR),  styrene-butadinene  rubber  (SBR),  butadiene  rubber  (BR),  natural 
rubber  (NR),  isoprene  rubber  (IR),  or  chloroprene  rubber  (CR),  by  conventional  bubbling  means  using  a  thermal  decom- 
posing  foaming  agent  or  volatile  solvent,  or  by  generating  an  inactive  gas  to  be  absorbed  by  the  polymer  under  a  high 
pressure  and  provide  foaming  under  a  normal  pressure. 
[0159]  The  expansion  rate  of  such  a  foam  may  be  arbitrarily  controlled  as  desired  for  a  particular  application,  while  it 

15  is  preferred  to  provide  5  to  50  times  of  expansion,  more  preferably  10  to  30  times  the  original  polymer  material.  If  this 
expansion  rate  is  less  than  5  times,  the  damping  capability  will  be  insufficient,  whereas  if  this  rate  is  more  than  50  times, 
the  mechanical  strength  will  be  sacrificed.  The  damping  capability  increases  as  the  number  of  cells  and  density  of  the 
foamed  molding  increase.  Thus,  the  expansion  rate  should  be  determined  taking  such  factors  into  due  consideration. 
[0160]  The  foamed  molding  may  have  an  open  cell  structure  or  closed  cell  structure  depending  on  its  particular  appli- 

20  cation  or  the  type  of  sound  (high  or  low  frequency). 
[0161]  The  foamed  sound  absorber  of  the  present  invention  contains  a  moment  activator  in  its  base  material  which 
can  promote  the  magnitude  of  dipole  moment  in  the  product.  The  relationship  between  the  amount  of  dipole  moment 
and  the  sound  absorption  capability  is  again  explained. 

It  is  known  that  when  sound  collides  against  the  foamed  sound  absorptive  material,  air  vibrations  are  transmitted 
25  to  the  porous  portions  within  the  sound  absorptive  material,  causing  viscous  friction  of  air  within  the  porous  portions, 

which  partially  converts  the  sound  energy  into  heat  energy,  thereby  providing  partial  sound  damping. 
The  vibrations  are  attenuated  by  the  resistance  from  air  movement. 
The  inventors  have  found  that  there  is  involved  another  excellent  sound  absorption  that  differs  from  the  above 

sound  absorption  mechanism. 
30  The  inventors  have  focused  their  attention  on  the  dipoles  in  the  foamed  molding  which  are  subject  to  displace- 

ment  and  recovery  when  sound  energy  is  applied  thereon. 
[0162]  Details  of  the  finding  are  given  below.  Fig.  1  shows  dipoles  12  in  a  foamed  molding  (base  material)  1  1  prior  to 
the  propagation  of  sound  (sound  energy).  The  dipoles  12  are  stable  there.  When  a  sound  energy  is  provided,  the 
dipoles  12  are  displaced  in  the  foamed  molding  1  1  into  an  unstable  state  as  shown  in  Fig.  2,  which  are  prompted  to 

35  return  to  their  stable  state  such  as  shown  in  Fig.  1  . 
[0163]  Energy  is  greatly  consumed  during  this  process.  The  sound  absorption  capability  unique  with  the  invention  is 
assumed  to  be  provided  through  the  consumption  of  energy  through  the  displacement  and  recovery  of  the  dipoles  12. 
[0164]  The  foam  of  the  present  invention  can  provide  excellent  sound  absorption  through  the  consumption  of  sound 
energy  provided  by  the  viscous  friction  of  air  in  the  porous  portions  together  with  the  displacement  and  recovery  of  the 

40  dipoles  in  the  foamed  material: 
[0165]  The  sound  absorption  capability  of  the  foamed  molding  1  1  can  be  promoted  by  promoting  the  dipole  moment 
.  Accordingly,  it  is  essential  to  use  a  foam  material  inherently  possessing  large  dipole  moment  in  the  molecules  so  as 
to  provide  a  greatly  improved  sound  absorption  capability. 
[0166]  Such  a  material  inherently  possessing  large  dipole  moment  may  be  polarity  polymers  such  as  polyvinyl  chlo- 

45  ride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber 
(SBR),  and  chloroprene  rubber  (CR).  Such  a  polarity  polymer  is  excellent  in  mechanical  strength  and  is  easy  to  proc- 
ess. 
[0167]  The  foamed  sound  absorptive  material  according  to  this  invention  may  he  applied  on  automobiles,  interior 
materials,  construction  materials,  or  electric  appliances,  so  it  is  essential  to  maximize  the  sound  absorption  capability 

so  in  the  operating  temperature  range  of  -  20  °C  to  40°C. 
[0168]  To  maximize  the  sound  absorption  capability  in  the  operating  temperature  region,  the  foamed  sound  absorptive 
material  according  to  this  invention  comprises  a  polymer  which  has  or  will  have  a  glass  transition  point  in  the  operating 
temperature  region.  A  polymer  which  will  have  a  glass  transition  point  in  the  operating  temperature  region  may  be  pol- 
yvinyl  chloride,  chlorinated  polyethylene,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl 

55  methacrylate,  polystyrene,  or  styrene-butadiene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexal- 
phthalate  (DOP),  dibutylphthalate  (DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  or 
temperature  (Tg)  into  the  operating  temperature  region  of  -  20°C  to  40°C,  or  a  rubber  polymer  such  as  acrylic  rubber 
(ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber 
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(NR),  isoprene  rubber  (IR),  or  chloroprene  rubber  (CR)  which  inherently  has  a  glass  transition  point  (Tg)  in  the  operat- 
ing  temperature  region  of  -  20°C  to  40°C. 
[0169]  An  appropriate  polymer  material  should  be  selected  considering  not  only  the  amount  of  dipole  moment  and 
the  operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and 

5  price. 
[0170]  A  moment  activator  to  be  blended  with  such  a  base  polymer  material  may  be  selected  from  polymers  contain- 
ing  a  mercaptobenzothiaz  yle  or  benzotriazole  radical  and  ones  containing  a  diphenylacrylate  radical  such  as  ethyl-2- 
cyano-3,  3-di-phenylacrylate. 
[01  71  ]  Preferably,  1  0  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  foaming  poly- 

10  mer. 
If  less  than  10  parts  by  weight  of  a  moment  activator  is  mixed,  the  addition  of  the  moment  activator  will  not  suf- 

ficiently  promote  the  dipole  moment,  whereas  if  more  than  200  parts  by  weight  is  blended,  insufficient  miscibility  with 
the  foaming  polymer  will  result. 
[0172]  To  select  an  appropriate  moment  activator  to  be  blended  with  a  foaming  polymer,  the  miscibility  between  the 

15  moment  activator  and  the  forming  polymer  should  be  considered,  that  is  the  SP  values  of  both  should  be  close  enough. 
[0173]  The  amount  of  dipole  moment  to  be  provided  in  the  polymeric  base  material  depends  on  the  types  of  the 
moment  activator  and  forming  polymer. 

The  same  materials  will  provide  different  magnitude  of  dipole  moment  when  the  working  temperature  is  different. 
The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  sound  energy.  Accordingly,  the  moment  activator  and 

20  foaming  polymer  should  be  selected  so  as  to  provide  the  largest  possible  amount  of  dipole  moment  considering  those 
factors. 
[0174]  It  is  known  in  the  field  of  sound  absorptive  materials  that  the  sound  absorption  capability  of  a  material  is  subject 
to  the  type  of  sound  or  frequency.  Conventional  foamed  sound  absorptive  materials  cope  with  different  types  of  sound 
by  increasing  or  reducing  their  thickness.  For  low  frequencies,  the  thickness  of  the  material  is  increased,  while  for  high 

25  frequencies,  the  thickness  of  the  material  is  reduced. 
[0175]  As  described  above,  the  moment  activator  is  blended  in  a  foaming  polymer  material  to  significantly  increase 
the  amount  of  dipole  moment  in  the  foamed  molding  to  provide  a  greatly  improved  sound  absorption  capability.  The 
amount  of  dipole  moment  in  the  foamed  sound  absorptive  material  (foamed  molding)  is  defined  as  the  difference  in  die- 
lectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4.  That  is,  the  magnitude  of  dipole  moment  increases  as  the  differ- 

30  ence  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0176]  Fig.  4  shows  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ").  The  rela- 
tionship  between  the  dielectric  constant  (  e  )  and  the  dielectric  loss  factor  (  e  ")  is  given  by  the  following  equation: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tand)  . 
[0177]  Through  a  lengthy  research  on  foamed  sound  absorptive  materials,  the  inventors  have  found  that  the  sound 

35  energy  absorption  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 
[0178]  Through  study  on  the  dielectric  loss  factor  (  e  ")  of  the  foamed  sound  absorptive  materials,  the  inventors  have 
found  that  the  materials  provide  excellently  improved  sound  absorption  when  the  dielectric  loss  factor  is  10  or  larger  at 
the  frequency  of  1  10  Hz. 
[0179]  Although  the  foamed  sound  absorptive  material  according  to  this  invention  can  provide  excellent  sound 

40  absorption  alone,  they  may  be  fixedly  deposited  on  a  synthetic  resin  film  of  polyvinyl  chloride,  polyethylene,  polypropyl- 
ene,  or  polyethylene  or  a  fibrous  sheet  of  paper,  cloth,  or  non-woven  fabric,  which  provide  combined  sound  damping  of 
the  synthetic  resin  film  or  fibrous  sheet  and  the  foamed  sound  absorptive  material  of  the  invention,  further  improving  the 
sound  absorption  capability  of  the  product. 
[0180]  The  sound  absorptive  material  according  to  this  invention  can  be  utilized  as  sound  absorptive  fiber  or  sound 

45  absorptive  yarn  or  fibrous  material  containing  such  fibers. 
[0181]  Conventional  sound  absorptive  fibers  or  fibrous  materials  comprise  rock  wool,  glass  wool  or  felt.  Such  a  con- 
ventional  sound  absorptive  material  damps  sound  energy  through  conversion  into  frictional  heat  provided  on  the  fiber 
surface  and  through  the  fibers. 
[0182]  As  conventional  sound  absorptive  materials  provide  sound  damping  through  such  a  process,  sufficient  sound 

so  absorption  cannot  be  expected  without  increasing  the  thickness  of  the  damper  or  fiber  diameter,  fiber  length  and/or  fiber 
density.  Therefore,  a  conventional  sound  damper  tends  to  become  thick  and  large  to  provide  an  effective  performance, 
which  cannot  practically  be  used  as  door  paper,  wall  paper,  casings  or  covers  for  electric  appliances. 
[0183]  Sound  absorptive  fibers,  yarns  and  fibrous  bodies  according  to  this  invention  can  adequately  solve  the  above 
problem. 

55  The  fibers  of  the  present  invention  themselves  have  an  improved  sound  absorption  capability. 
[0184]  The  sound  absorptive  fibers  of  the  present  invention  are  characterized  in  that  a  moment  activator  is  blended 
in  the  base  polymer  material,  which  can  significantly  promote  dipole  moment  in  the  base  polymer  material.  The  polymer 
material  of  the  fibers  may  be  selected  from  polyolef  ine  such  as  polyethylene,  chlorinated  polyethylene,  polypropylene, 
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polyester,  and  polyurethane,  polyamide  such  as  nylon  6,  nylon  66,  or  nylon  12,  polyvinyl  chloride,  polyvinylidene  chlo- 
ride,  polyacrylonitrile,  polyvinylalcohol,  cellulose,  and  their  derivatives. 
[0185]  Such  a  polymer  is  blended  with  a  moment  activator  which  can  increase  the  amount  of  dipole  moment  in  the 
polymer.  The  relationship  between  the  amount  of  dipole  moment  and  the  sound  absorption  capability  is  again 

5  explained.  The  mechanism  of  sound  absorption  by  the  sound  absorptive  fibers  is  that  when  a  sound  collides  and 
passes  though  the  fibrous  surface,  sound  energy  is  partially  consumed  as  frictional  heat  and  damped.  The  inventors 
have  found  that  there  is  involved  another  significant  sound  absorption  mechanism  that  differs  from  the  above  known 
sound  absorption  mechanism.  The  dipoles  in  the  base  polymer  are  displaced  into  an  unstable  state  and  then  return  to 
a  stable  state,  consuming  substantial  energy. 

10  [0186]  Further  details  are  given  below.  Fig.  1  shows  an  arrangement  of  dipoles  12  in  a  base  polymer  (base  material) 
1  1  prior  to  the  propagation  of  a  sound  or  sound  energy.  The  arrangement  of  the  dipoles  12  is  stable  there.  When  a 
sound  propagates  onto  the  base  polymer,  the  dipoles  12  in  the  polymer  are  displaced  into  an  unstable  state,  which  are 
prompted  to  return  to  a  stable  state. 
[0187]  Substantial  energy  is  then  consumed.  The  sound  absorption  of  the  present  invention  is  assumed  to  be  addi- 

15  tionally  provided  through  that  consumption  of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles  1  2  in 
the  base  polymer  1  1  . 
[0188]  Accordingly,  the  sound  absorption  capability  of  the  base  polymerl  1  can  be  improved  by  increasing  the  amount 
of  dipole  moment  in  the  polymer  11.  Thus,  a  polymer  inherently  has  a  large  magnitude  of  dipole  moment  in  the  mole- 
cules  can  provide  an  improved  sound  absorption  capability.  A  polymer  which  can  inherently  provide  a  large  amount  of 

20  dipole  moment  may  be  a  polarity  polymer  such  as  polyvinyl  chloride,  chlorinated  polyethylene,  polyurethane,  polya- 
mide,  polyvinylidene  chloride,  polyacrylonitrile,  or  cellulose. 
[0189]  Sound  absorptive  fibers  according  to  this  invention  can  be  used  in  varied  ways,  so  it  is  essential  to  maximize 
the  sound  absorption  capability  in  the  operating  temperature  range  or  -  20°C  to  40°C. 
[0190]  To  maximize  the  sound  absorption  capability  within  the  operating  temperature  region,  the  sound  absorptive 

25  fibers  according  to  this  invention  comprise  a  polymer  which  has  or  will  have  a  glass  transition  point  in  the  operating  tem- 
perature  region.  Polymers  which  will  have  a  glass  transition  point  in  the  operating  temperature  region  may  be  polyvinyl 
chloride,  polyethylene,  or  polypropylene,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  blended  to  shift  their  glass  transition  point  or  temperature  (Tg)  into  the  operating 
temperature  region  of  -  20°C  to  40°C,  or  polymers  such  as  chlorinated  polyethylene  or  polyurethane  which  inherently 

30  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region  of  -  20°C  to  40°C. 
[0191]  In  selecting  an  appropriate  polymer,  not  only  the  amount  of  dipole  moment  in  the  molecules  of  the  base  mate- 
rial  and  the  operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability, 
and  price  should  be  appropriately  considered. 
[0192]  A  moment  activator  to  be  blended  with  such  a  polymer  may  be  a  polymer  containing  a  mercaptobenzothiazyle 

35  or  benzotriazole  radical,  or  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3-di-phenylacrylate.  Preferably,  10  to 
200  parts  by  weight  of  a  moment  activator  is  mixed  in  100  parts  by  weight  of  a  base  polymer. 

If  less  than  10  parts  by  weight  is  mixed,  poor  improvement  will  result,  whereas  if  more  than  200  parts  by  weight 
is  mixed,  the  miscibility  will  be  poor  and  the  product  will  provide  poor  integrity. 
[01  93]  To  select  an  appropriate  moment  activator,  the  miscibility  between  the  moment  activator  and  the  base  polymer 

40  should  be  satisfactory,  that  is,  the  SP  values  of  both  should  be  close  enough. 
[0194]  The  magnitude  of  dipole  moment  is  subject  to  the  types  of  the  base  polymer  and  moment  activator.  The 
amount  of  dipole  moment  varies  with  the  temperature  at  the  time  a  sound  energy  is  transferred  to  the  base  polymer. 
The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  the  sound  energy.  Thus,  the  base  polymer  and 
moment  activator  should  be  selected  so  as  to  provide  the  largest  possible  magnitude  of  dipole  moment  taking  into  con- 

45  sideration  the  expected  temperature  and  magnitude  of  sound  energy. 
[0195]  It  is  known  that  the  sound  absorptive  capability  of  a  material  depends  on  the  type  of  sound,  that  is,  its  fre- 
quency.  The  sound  absorptive  fibers  of  the  present  invention  can  cope  with  practically  any  type  of  sound  with  an  appro- 
priately  selected  base  polymer  or  polymers  for  fibers  and  moment  activator  to  be  blended  in  the  base  material. 
[0196]  As  described  above,  the  moment  activator  in  the  mixture  significantly  promotes  the  dipole  moment  of  the  base 

so  material  of  the  sound  damping  fibers  of  the  present  invention  and  provides  excellently  improved  sound  absorption.  The 
amount  of  dipole  moment  in  the  base  material  is  defined  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B 
shown  in  Fig.  4.  The  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B 
increases. 
[0197]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 

55  "),  which  is  given  as  follows:  Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[01  98]  A  research  on  sound  absorptive  fibers  conducted  by  the  inventors  has  revealed  that  the  sound  energy  absorp- 
tion  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  ").  Studying  the  dielectric  loss  factor  (  e  ")  of 
the  sound  absorptive  fibers  based  on  this  finding  has  also  revealed  that  the  base  polymer  material  provides  an  excellent 
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sound  absorption  capability  when  the  dielectric  loss  factor  is  1  0  or  larger  at  the  frequency  of  1  1  0  Hz. 
[0199]  It  is  desirable  that  effective  sound  absorption  is  provided  over  a  wide  frequency  range.  The  sound  absorptive 
fibers  according  to  this  invention  satisfy  this  demand  by  incorporating  a  moment  activator  and  a  polymer  which  respec- 
tively  exhibit  substantially  different  sound  absorption  characteristics  in  different  frequency  ranges. 

5  Such  expansion  of  frequency  effect  can  be  provided  as  well  by  blending  with  a  base  material  a  plurality  of  differ- 
ent  moment  activato  rs  or  compounds  exhibiting  substantially  different  frequency  characteristics,  or  by  blending  a  plu- 
rality  of  moment  activator  compounds  in  a  plurality  of  different  base  polymers  having  substantially  different  frequency 
characteristics,  or  by  blending  a  moment  activator  in  such  a  plurality  of  polymers. 
[0200]  The  sound  absorptive  fibers  according  to  this  invention  can  be  provided  from  a  base  material  comprising  an 

10  appropriately  selected  polymer  or  polymers  and  moment  activator  by  any  appropriate  conventional  spinning  method. 
The  sound  absorptive  fibers  can  also  be  obtained  in  a  composite  form  of  a  core-sheath,  side-by-side,  sea-island,  or 
sandwich  type  using  appropriate  conventional  spinning  means. 
[0201]  The  sound  absorptive  fibers  according  to  this  invention  can  be  utilized  for  household  articles  such  as  door 
paper,  wall  paper,  ceiling  cloth,  curtains,  mats,  or  carpets,  vehicle  base  materials  such  as  car  flooring  or  wall  materials, 

15  casings  or  covers  for  refrigerators  or  washing  machines,  wall  or  floor  materials  for  buildings,  film  materials  for  domes, 
or  construction  materials  for  roads  or  rail  bases. 
[0202]  The  sound  absorptive  fibers  of  the  present  invention  may  take  a  form  comprising  a  selected  polymer  blended 
with  a  moment  activator,  which  provides  fiber  surface.  The  various  factors  of  such  sound  absorptive  fibers  such  as  fiber 
type,  material  or  shape  can  be  determined  as  desired. 

20  [0203]  The  cover  or  surface  of  such  sound  absorptive  fibers  may  wholly  or  partially  comprise  a  polymer  containing  a 
moment  activator. 
[0204]  Such  a  wholly  covered  type  of  sound  absorptive  fibers  may  be  a  sheath-core  type  or  sea-island  type  composite 
fibers,  whose  sheath  or  sea  portions  are  composed  of  a  polymer  including  a  moment  activator. 

Such  wholly  covered  type  sound  absorptive  fibers  can  also  be  provided  by  coating  conventional  fiber  surface 
25  with  a  polymer  material  containing  a  moment  activator. 

[0205]  Such  a  partially  covered  type  of  sound  absorptive  fibers  may  be  a  side-by-side  type,  sea-island  type,  or  sand- 
wich  composite  type  of  composite  fibers,  whose  one  side,  island  or  layer  portions  are  composed  of  a  polymer  including 
a  moment  activator. 

Such  partially  covered  sound  absorptive  fibers  can  also  be  provided  by  partially  coating  conventional  fiber  sur- 
30  face  with  a  polymer  containing  a  moment  activator. 

[0206]  A  polymer  to  be  coated  on  the  fiber  surface  may  be  ethylene-vinyl  acetate  copolymer,  polymethacryl  acid 
methyl,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadinene-acrylonitrile  copolymer,  or  styrene-acry- 
lonitrile  copolymer,  or  a  rubber  polymer  such  as  acryl  rubber  (ACR),  acrylonitrile-butadinene  rubber  (NBR),  styrene- 
butadinene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  chloroprene  rubber 

35  (CR). 
[0207]  The  polymer  is  applied  onto  the  fibrous  surface  in  an  emulsion  form  or  dispersion  in  water  or  alcohol.  Option- 
ally,  a  dispersant  or  thickener  is  further  blended  in  the  polymer.  The  blend  is  dispersed  and  mixed  using  a  conventional 
mixer  or  disperser  such  as  a  dissolver,  Banbury  mixer,  planetary  mixer,  grain  mill,  open  kneader,  or  vacuum  kneader. 
The  mixture  is  then  deposited  on  the  fibrous  surface  with  a  conventional  applicator  such  as  an  air  spray  gun,  airless 

40  spray  gun,  or  brush. 
[0208]  A  plurality  of  different  moment  activator  compounds  which  respectively  exhibit  substantially  different  sound 
absorption  characteristics  in  substantially  different  frequency  ranges  may  be  blended  in  a  base  polymer  to  provide  in 
combination  effective  sound  absorption  over  a  wide  frequency  range.  Equally,  a  plurality  of  such  moment  activator  com- 
pounds  may  be  blended  with  a  plurality  of  different  base  polymers  having  substantially  different  frequency  characteris- 

es  tics,  or  a  single  moment  activator  compound  may  be  blended  with  a  plurality  of  such  different  base  polymers  to  provide 
an  expanded  frequency  property  for  damping  noise  or  sound. 
[0209]  The  sound  absorptive  fibers  of  the  present  invention  can  provide  sound  absorptive  yarn  or  fibrous  bodies.  The 
sound  absorptive  yarn  may  be  formed  of  a  plurality  of  different  sound  absorptive  fibers,  advantageously,  having  sub- 
stantially  different  sound  absorption  characteristics  in  substantially  different  frequency  ranges. 

so  [021  0]  The  sound  absorptive  yarn  may  be  provided  either  in  a  filament  or  spun  yarn  configuration.  The  length,  thick- 
ness,  number  or  twists  of  filaments  or  staples  for  the  filament  yarn  or  spun  yarn  may  be  determined  as  desired. 
[021  1  ]  A  plurality  of  different  sound  absorptive  fibers  of  different  sound  absorption  characteristics  over  different  fre- 
quency  ranges  (500-1  ,000  Hz,  1  ,000-2,000  Hz,  and/or  2,000-3,000  Hz)  may  be  bundled  together  and  twisted  into  a  sin- 
gle  sound  absorptive  yarn  or  fibrous  body,  which  can  provide  a  combined  wider  scope  of  effective  damping  property 

55  relative  to  the  frequency,  that  is,  such  a  sound  absorptive  yarn  may  be  particularly  useful  in  the  frequency  range 
between  500  and  3,000  Hz. 
[021  2]  Such  a  sound  absorptive  yarn  can  incorporate,  besides  sound  absorptive  fibers,  certain  functional  fibers  such 
as  high-strength,  f  lame-retardant  or  antibacterial  fibers  to  provide  multiple  fiber  functions. 
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[021  3]  The  sound  absorptive  fibrous  body  is  provided  nearly  identically  with  the  sound  absorptive  yarn  except  that  the 
fibrous  body  may  be  made  into  other  configurations. 
[0214]  The  sound  absorptive  fibrous  body  may  be  made  into  a  sheet  such  as  cloth,  non-woven  cloth,  or  paper,  or  other 
forms  such  as  a  block,  plate,  ball,  honeycomb,  or  pleat.  To  provide  a  non-woven  cloth  or  paper,  the  sound  absorptive 
fibers  are  directly  processed,  while  to  provide  cloth,  the  sound  absorptive  fibers  are  first  formed  into  sound  absorptive 
yarn,  which  is  then  woven  or  knitted.  The  fibrous  body  may  also  be  composed  of  a  combination  of  the  sound  absorptive 
fibers  and  yarn. 
[021  5]  A  plurality  of  different  sound  absorptive  fibers  which  exhibit  substantially  different  sound  absorption  character- 
istics  over  substantially  different  frequency  ranges  may  be  bundled  together  and  twisted  into  a  single  yarn  or  fibrous 
body  so  as  to  provide  a  wide  effect  over  a  wider  range  of  frequency,  such  as  by  combining  sound  absorptive  fibers 
exhibiting  effective  sound  absorption  in  the  frequency  range  between  500  and  1  ,000  Hz  and  another  exhibiting  effective 
sound  absorption  in  the  frequency  range  between  1  ,000  and  2,000  Hz  to  provide  yarn  exhibiting  widened  effective 
sound  absorption  over  the  frequency  range  between  500  to  2,000  Hz  and  provide  a  fabric  with  the  sound  absorption 
effect  over  the  frequency  range  between  500  to  2,000  Hz,  or  by  weaving  yarn  of  sound  absorptive  fibers  exhibiting  effec- 
tive  sound  absorption  in  the  frequency  range  between  500  to  1  ,000  Hz  as  weft  and  yarn  of  sound  absorptive  fibers 
exhibiting  effective  sound  absorption  in  the  frequency  range  between  1  ,000  to  2,000  Hz  as  warp  to  provide  a  fabric  hav- 
ing  widened  effective  sound  absorption  over  the  range  of  500  to  2,000  Hz,  or  by  knitting  yarn  of  sound  absorptive  fibers 
exhibiting  effective  sound  absorption  in  the  frequency  range  between  500  and  1  ,000  Hz,  yarn  of  sound  absorptive  fibers 
exhibiting  effective  sound  absorption  in  the  frequency  range  between  1  ,000  and  2,000  Hz,  and  yarn  of  sound  absorptive 
fibers  exhibiting  effective  sound  absorption  in  the  frequency  range  between  2,000  and  3,000  Hz  to  together  provide  a 
knit  exhibiting  a  widened  effective  sound  absorption  over  the  frequency  range  between  500  to  3,000  Hz. 
[0216]  As  regards  non-woven  cloth,  a  plurality  of  different  sound  absorptive  fibers  exhibiting  substantially  different 
sound  absorption  characteristics  over  substantially  different  frequency  ranges  may  be  combined  to  provide  a  fibrous 
web  which  provides  a  widened  effect  over  a  widened  frequency  range  by  combining  sound  absorptive  fibers  exhibiting 
a  sound  absorption  effect  in  the  frequency  range  between  500  and  1  ,000  Hz  and  sound  absorptive  fibers  exhibiting  a 
sound  absorption  effect  in  the  frequency  range  between  1,000  and  2,000  Hz  to  provide  a  non-woven  fabric  exhibiting 
effective  sound  absorption  over  the  frequency  range  between  500  to  2,000  Hz,  or  combining  sound  absorptive  fibers 
exhibiting  a  sound  absorption  effect  in  the  frequency  range  between  500  and  1  ,000  Hz,  sound  absorptive  fibers  exhib- 
iting  a  sound  absorption  effect  in  the  frequency  range  between  1  ,000  and  2,000  Hz,  and  sound  absorptive  fibers  exhib- 
iting  a  sound  absorption  effect  in  the  frequency  range  between  2,000  and  3,000  Hz  to  obtain  non-woven  cloth  exhibiting 
widened  effective  sound  absorption  over  the  frequency  range  between  500  to  3,000  Hz. 
[021  7]  Sound  absorptive  paper  can  be  provided  similarly  as  with  the  sound  absorptive  non-woven  fabric  described 
above. 
[0218]  Besides  incorporating  such  different  sound  absorption  fibers,  the  sound  absorptive  fibrous  body  may  contain 
functional  fibers  such  as  high-strength,  flame-retardant,  antibacterial  and/or  deodorant  fibers  to  provide  multiple  fiber 
functions. 
[021  9]  The  sound  absorptive  fibrous  body  may  be  made  into  a  composite  configuration  by  fixing  the  sound  absorptive 
fibrous  body  on  a  fibrous  sheet,  or  a  synthetic  resin  film,  corrugated  fiber  board,  wooden  board,  or  metallic  plate. 
[0220]  Next,  an  impact  absorptive  material  according  to  this  invention  is  described. 
[0221  ]  Conventionally,  foamed  impact  absorptive  materials  comprising  a  thermoplastic  resin  such  as  polystyrene,  pol- 
yethylene,  polypropylene,  or  polyurethane  are  utilized  on  walls  or  fences,  helmet  lining,  interior  articles  for  vehicles  or 
airplanes,  or  car  bumpers. 
[0222]  For  packaging  fragile  products  such  as  glass  articles  for  transportation,  a  synthetic  resin  foam  of  polystyrene 
or  polyurethane,  or  a  protection  board  where  synthetic  resin  sheets  (cardboard)  and  corrugated  synthetic  resin  sheets 
(cardboard)  are  laminated  as  shown  in  Fig.  58  have  been  utilized  to  prevent  damage  to  the  articles  during  transporta- 
tion. 
[0223]  A  synthetic  resin  molded  into  a  synthetic  resin  foam  or  honeycomb  structure  shown  in  Fig.  59  has  been  used 
alone  or  in  a  composite  form  in  construction  materials  such  as  wall  or  floor  materials  or  certain  facilities  or  rock  sheds 
which  are  subject  to  impacts  P  such  as  blasts  or  underwater  impacts. 
[0224]  In  applications  on  vehicle  air  bags  or  shoe  soles,  a  liquid  such  as  water,  a  gas  such  as  air,  or  gel  sealed  in  a 
flexible  casing  has  conventionally  been  in  use  to  absorb  impacts  applied  to  the  casing. 
[0225]  Conventional  impact  absorptive  materials  have  the  following  disadvantages. 

When  an  impact  is  applied  on  a  cushion  having  a  honeycomb  or  corrugated  structure  or  an  impact  absorber 
comprising  a  synthetic  resin  foam  such  as  a  polyurethane  foam,  the  device  gradually  deforms  or  collapses.  The  device 
does  not  return  to  its  original  state  when  the  impact  is  removed,  which  leads  to  degradation  of  its  damping  capability. 
[0226]  Since  such  a  conventional  impact  absorber  only  gradually  deforms  and  collapses  to  provide  impact  damping, 
it  does  not  instantly  provide  sufficient  impact  absorption.  Consequently,  the  fragile  products  to  be  protected  may  not  be 
adequately  protected. 
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[0227]  Besides,  an  impact  cushion  of  a  honeycomb  or  corrugated  structure  is  costly  to  manufacture.  A  conventional 
impact  absorptive  synthetic  resin  foam,  despite  its  relative  easiness  to  manufacture  and  process,  is  fragile  and  likely 
damaged  and  degraded  with  heat,  sun  rays  or  a  solvent. 
[0228]  A  conventional  impact  absorber  which  uses  air,  water  or  gel  has  a  recovery  function  and  may  provide  impact 

5  absorption  each  time  it  is  subjected  to  an  impact.  Such  a  conventional  impact  absorber  comprising  a  casing  containing 
air,  water  or  gel  requires  a  relatively  large  over  all  dimension  to  provide  effective  impact  absorption,  limiting  its  applica- 
tions. 
[0229]  The  impact  absorptive  materials  or  absorbers  according  to  this  invention  can  solve  these  technical  weak- 
nesses  and  have  improved  impact  absorption  capabilities.  The  impact  absorptive  materials  of  the  present  invent  ion, 

10  even  when  made  thin,  can  provide  sufficient  mechanical  strength  and  excellent  impact  absorption  from  the  moment  of 
impact,  as  well  as  an  instant  recovery  function  thereafter. 
[0230]  The  impact  absorptive  material  according  to  this  invention  can  be  used,  for  example,  as  walls  or  fences  in  ath- 
letic  fields,  helmet  linings,  interior  materials  for  vehicles  and  airplanes,  car  bumpers,  saddles,  grips,  packing  cushioning 
materials,  construction  materials  such  as  floor  materials,  certain  facilities  or  rock  sheds  which  are  subject  to  impact 

15  loads  P  such  as  blasts  or  underwater  impacts,  sports  goods  such  as  training  shoes,  protections,  gloves  or  head  gears, 
medical  articles  such  as  plaster  casts,  mats,  or  supporters,  gun  bottoms,  shoulder  pads,  or  bulletproof  jackets. 
[0231]  The  impact  absorptive  material  of  the  invention  is  characterized  in  that  the  base  material  contains  a  moment 
activator  which  can  increase  the  amount  of  dipole  moment  therein. 
[0232]  The  resin  component  for  the  base  material  should  provide  effective  sound  absorption  at  working  temperatures. 

20  Such  a  resin  may  beta  polymer  such  as  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene,  polypropylene,  eth- 
ylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene- 
butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber  (NBR),  styrene-buta- 
diene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their  selected  mixture.  Poly- 
vinyl  chloride  is  preferred  for  its  moldability  and  low  cost. 

25  When  such  a  base  material  composed  of  a  selected  polymer  or  polymers  is  subjected  to  an  impact,  dipoles  12 
present  in  the  base  material  1  1  are  displaced.  The  displacement  of  the  dipoles  12  may  be  by  their  rotation  or  phase 
shifting  within  the  base  material  1  1  . 
[0233]  Prior  to  the  application  of  an  impact  energy,  the  dipoles  1  2  in  the  base  material  1  1  are  stable.  When  an  impact 
energy  is  applied  on  the  base  material  1  1  ,  the  dipoles  1  2  in  the  base  material  1  1  are  displaced  into  an  unstable  state, 

30  which  are  then  prompted  to  return  to  a  stable  state. 
[0234]  Energy  is  then  efficiently  consumed.  The  impact  absorption  ynique  to  the  present  invention  is  assumed  to  be 
provided  through  that  consumption  of  energy. 
[0235]  The  impact  absorption  is  assumed  to  be  associated  with  the  dipole  moment  in  the  base  material  1  1  .  Therefore, 
the  impact  absorbing  capability  of  the  base  material  1  1  can  be  improved  by  increasing  the  amount  of  dipole  moment  in 

35  the  base  material  1  1  . 
[0236]  The  magnitude  of  dipole  moment  is  subject  to  the  type  of  base  material  or  resin  material.  The  same  polymer 
material  provides  a  different  magnitude  of  dipole  moment  when  the  working  temperature  varies. 

The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  impact  energy.  Thus,  the  resin  material  should 
be  selected  so  as  to  provide  the  largest  possible  magnitude  of  dipole  moment  considering  the  expected  working  tem- 

40  perature  and  magnitude  of  impact  energy. 
[0237]  In  selecting  an  appropriate  polymer  for  the  base  material,  not  only  the  amount  of  dipole  moment  in  the  base 
material  but  also  usability,  moldability,  availability,  temperature  capability,  weatherability,  and  price  should  be  duly  con- 
sidered  for  particular  usage. 
[0238]  The  resin  component  is  blended  with  a  moment  activator  which  can  significantly  increase  the  magnitude  of 

45  dipole  moment  therein. 
The  moment  activator  may  comprise  a  plurality  of  compounds  selected  from  compounds  containing  a  mercap- 

tobenzothiazyle  or  benzotriazole  radical  or  ones  containing  a  diphenylacrylate  radical. 
[0239]  The  amount  of  dipole  moment  is  subject  to  the  moment  activator  as  well. 

Even  if  the  same  moment  activator  is  used,  the  magnitude  of  the  dipole  moment  varies  with  the  operation  tem- 
50  perature.  The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  impact  energy  applied  to  the  base  material. 

Thus,  the  moment  activator  should  be  selected  so  as  to  provide  the  largest  possible  magnitude  of  dipole  moment 
considering  the  possible  operation  temperature  and  magnitude  of  impact  energy. 
[0240]  To  select  a  moment  activator  appropriately,  the  miscibility  between  the  moment  activator  and  the  resin  base 
material  should  be  taken  into  due  consideration,  that  is,  the  SP  values  of  both  should  be  close  enough. 

55  [0241  ]  The  impact  absorptive  material  of  the  present  invention  may  be  provided  by  mixing  the  resin  base  material  and 
moment  activator,  and  optionally  a  dye,  corrosion  inhibitor,  electric  control  agent,  stabilizer,  or  wetting  agent  as  desired 
by  conventional  melting/mixing  means  such  as  a  heat  roll,  Banbury  mixer,  two-axis  kneader,  or  extruder. 
[0242]  As  described  above,  such  a  moment  activator  is  mixed  in  the  base  polymer  of  the  impact  absorptive  material 
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to  significantly  promote  dipole  moment  in  the  base  material.  The  magnitude  of  dipole  moment  in  the  impact  absorptive 
material  is  given  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4. 

The  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0243]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0244]  Through  a  lengthy  research  on  impact  absorptive  materials,  the  inventors  have  found  that  the  impact  absorp- 
tion  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  ").  In  other  words,  the  dielectric  loss  tangent 
(tan  5)  indicating  an  electric  property  of  polymers  is  substantially  correlated  with  the  impact  resilience  (%)  indicating  a 
dynamic  characteristic. 
[0245]  Upon  study  of  the  dielectric  loss  factor  (  e  ")  of  the  impact  absorptive  materials  based  on  this  finding,  the  inven- 
tors  have  also  found  that  the  materials  have  a  high  impact  resilience  (%)  and  provide  excellent  shock  absorption  when 
the  dielectric  loss  factor  is  50  or  larger  at  the  frequency  of  1  1  0  Hz. 
[0246]  The  configuration  of  the  impact  absorber  is  not  limited  to  a  sheet  and  can  be  provided  in  varied  forms  depend- 
ing  on  application  conditions.  The  configuration  shown  in  Fig.  60  may  be  obtained  by  mixing  a  moment  activator  in  a 
resin  base  and  adding  a  foaming  agent  to  provide  the  foamed  molding. 
[0247]  The  damper  shown  in  Fig.  61  may  be  provided  by  molding  a  polymer  matrix  blended  with  a  moment  activator 
into  cylinders  to  be  arranged  and  coupled  together.  The  damper  shown  in  Fig.  62  may  be  obtained  by  molding  the  resin 
into  a  honeycomb  configuration  while  the  damper  shown  in  Fig.  58  may  be  obtained  using  corrugate  processing  in 
which  sheet-like  moldings  and  corrugated  moldings  are  laminated. 
[0248]  The  damper  shown  in  Fig.  59  may  be  provided  by  sandwiching  impact  absorptive  cylinders  such  as  shown  in 
Fig.  60  with  impact  absorptive  sheets. 
[0249]  The  impact  absorber  according  to  this  invention  is  also  applicable  onto  front  forks  installed  between  an  auto- 
mobile  body  and  shaft  to  absorb  and  reduce  impact  such  as  vibrations  from  a  road  surface. 
[0250]  A  conventional  front  fork  has  spring  means  between  a  shaft-side  outer  tube  and  a  body-side  inner  tube  so  that 
the  spring  force  can  act  as  a  cushion  to  absorb  and  reduce  impact  from  the  road  surface,  and  /or  seal  oil  between  the 
shaft-side  outer  tube  and  the  body-side  inner  tube  to  provide  air  cushioning  for  absorbing  and  damping  impact. 
[0251  ]  The  front  fork  with  the  built-in  spring  means,  however,  is  subject  to  stress  fatigue  from  repeated  use,  which  will 
not  retain  its  original  capability  over  a  long  period  of  use.  On  the  other  hand,  the  front  fork  with  the  air-cushion  damper 
requires  a  large  amount  of  oil  to  provide  sufficient  air  compression  force,  which  substantially  in  crease  cost  and  overall 
weight.  In  addition,  such  a  conventional  front  fork  mechanism  requires  a  large  number  of  parts  such  as  oil  sealing 
chambers,  air  chambers,  cylinders,  or  shafts,  which  further  pushes  up  cost. 
[0252]  A  front  fork  with  both  spring  means  and  damper  means  mounted  on  a  car  body  and  shaft  will  provide  improved 
shock  damping,  however,  both  means  must  be  well  balanced.  This  balancing  is  a  very  complicated  operation  requiring 
professional  skills. 
[0253]  A  front  fork  which  utilizes  an  elastic  body  such  as  rubber  or  foamed  urethane  instead  of  spring  or  damper 
means  is  also  conventionally  used  in  many  applications,  chiefly  on  bicycles,  thanks  to  its  simple  structure  and  light 
weight. 
[0254]  However,  due  to  the  low  impact  absorption  capability  of  such  a  conventional  elastic  body,  the  front  fork  cannot 
sufficiently  absorb  and  reduce  impact  or  shock. 
[0255]  The  front  fork  according  to  this  invention  can  appropriately  cope  with  such  problems  and  provide  an  unexpect- 
edly  excellent  impact  absorption. 
[0256]  A  front  fork  1  1  in  Fig.  63  of  the  present  invention  comprises  a  shaft-side  outer  tube  12  and  a  body-side  inner 
tube  13  movably  inserted  in  the  outer  tube  12,  wherein  an  impact  absorber  14  including  a  moment  activator  is  disposed 
between  the  outer  and  inner  tubes  12  and  13  as  shown. 
[0257]  The  base  material  of  the  impact  absorber  may  be  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene, 
polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  poly- 
styrene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber 
(NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their 
selected  mixture.  Polyvinyl  chloride  is  preferred  for  its  moldability  and  low  cost. 
[0258]  In  the  impact  absorber  provided  with  such  a  polymer  as  the  base  material  and  a  moment  activator,  the  rela- 
tionship  between  the  magnitude  of  dipole  moment  and  the  impact  absorption  capability  is  given  as  follows. 

The  general  mechanism  of  impact  absorption  in  the  impact  absorber  is  such  that  an  impact  applied  to  the  impact 
absorber  is  partially  converted  into  heat  energy,  providing  some  impact  damping.  Through  research  on  the  mechanism 
of  impact  absorption,  the  inventors  have  found  that  the  displacement  and  recovery  of  the  dipoles  in  the  impact  absorber 
base  material  provides  significant  energy  damping. 
[0259]  The  details  are  given  below.  Fig.  1  shows  dipoles  12  in  the  impact  absorptive  base  material  1  1  prior  to  appli- 
cation  of  an  impact.  The  arrangement  of  the  dipoles  1  2  is  stable.  When  an  impact  is  applied,  the  dipoles  1  2  in  the  impact 
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absorptive  base  material  1  1  get  displaced  to  an  unstable  state  such  as  shown  in  Fig.  2,  which  are  prompted  to  return 
to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0260]  Energy  is  then  absorbed  or  damped.  The  impact  absorption  capability  is  assumed  to  be  provided  through  the 
absorption  or  conversion  of  energy  by  the  displacement  and  recovery  of  the  dipoles  12  in  the  impact  absorptive  base 
material  1  1  . 
[0261]  Based  on  this  mechanism  of  impact  absorption,  the  impact  absorption  capability  of  the  impact  absorptive 
material  1  1  can  be  improved  by  increasing  the  amount  of  dipole  moment  in  the  impact  absorptive  material  1  1  . 

Thus,  it  is  essential  to  use  a  base  material  inherently  having  a  large  amount  of  dipole  moment  in  the  molecules 
in  order  to  provide  excellently  improved  impact  absorption. 
[0262]  Materials  inherently  having  a  large  amount  of  dipole  moment  may  be  polarity  polymers  such  as  polyvinyl  chlo- 
ride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber 
(SBR),  and  chloroprene  rubber  (CR). 
[0263]  The  front  fork  according  to  this  invention  can  significantly  absorb  and  reduce  impact  from  the  road  surface  and 
can  excellently  function  in  a  wide  range  of  temperature  or  between  about  -  20°C  and  about  40°C.  It  is  advantageous  to 
use  as  the  base  material  a  polymer  which  has  or  will  have  a  glass  transition  point  in  this  operating  temperature  zone 
because  the  impact  absorption  capability  is  maximized  near  the  glass  transition  point  of  the  polymer. 
[0264]  A  polymer  to  have  a  glass  transmission  point  in  that  operating  temperature  region  may  be  polyvinyl  chloride, 
polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  or  styrene-buta- 
diene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexylphthalate  (DOP),  dibutylphthalate  (DBP),  or 
diisononylphthalate  (DINP)  is  added  to  shift  the  glass  transition  point  (Tg)  into  the  operating  temperature  region,  or  a 
polymer  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadi- 
ene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  or  chlorinated  polyethylene  which 
inherently  has  a  glass  transition  point  (Tg)  in  the  operating  temperature  region. 
[0265]  In  selecting  an  appropriate  base  material,  not  only  the  amount  of  dipole  moment  in  the  molecules  and  the  oper- 
ating  temperature  region  but  also  usability,  moldability,  availability,  temperature  capability,  weatherability,  and  price 
should  be  duly  considered. 
[0266]  A  plurality  of  moment  activators  or  moment  activator  compounds  may  be  blended,  which  may  be  selected  from 
compounds  containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  a  diphenylacrylate  radical  such  as  ethyl-2- 
cyano-3,  3-di-phenylacrylate. 
[0267]  Preferably,  1  0  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  base  material. 
If  less  than  10  parts  by  weight  of  a  moment  activator  is  blended,  the  dipole  moment  will  not  be  sufficiently  improved, 
whereas  if  more  than  200  parts  by  weight  of  a  moment  activator  is  mixed,  the  moment  activator  will  not  be  sufficiently 
blended  with  the  base  material  or  may  provide  an  insufficient  mechanical  strength. 
[0268]  To  select  an  appropriate  moment  activator  to  be  blended  in  the  base  material,  not  only  the  amount  of  dipole 
moment  but  also  the  miscibility  between  the  moment  activator  and  the  base  material  should  be  considered,  that  is,  the 
SP  values  of  both  should  be  close  enough. 
[0269]  The  magnitude  of  dipole  moment  is  subject  to  the  base  material  and  moment  activator.  Even  if  the  same  base 
material  and  moment  activator  are  used,  the  amount  of  dipole  moment  varies  with  the  working  temperature.  The 
amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  energy  transferred  to  the  base  material.  Thus,  the  base 
material  and  moment  activator  should  be  selected  so  as  to  provide  the  largest  possible  amount  of  dipole  moment  con- 
sidering  the  possible  working  temperature  and  magnitude  of  sound  energy. 
[0270]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  may  be  additionally  blended  in  the  base  material  to  further  improve  the  absorption  capability.  Preferably, 
10  to  80  %  by  weight  of  a  filler  is  blended  in  the  base  material. 

If  less  than  10  %  by  weight  is  mixed,  the  filler  will  not  sufficiently  improve  the  absorption  capability,  whereas  if 
more  than  80  %  by  weight  is  mixed,  it  will  not  be  blended  appropriately  or  reduce  the  mechanical  strength  of  the  prod- 
uct. 
[0271  ]  The  impact  absorptive  material  of  the  present  invention  for  a  front  fork  can  be  manufactured  by  mixing  a  base 
material  and  moment  activator,  and  as  an  option  a  filler,  dispersant,  or  thickener  as  desired  using  a  conventional 
melt/mix  apparatus  such  as  a  dissolver,  Banbury  mixer,  planetary  mixer,  grain  mill,  open  kneader,  or  vacuum  kneader. 
[0272]  As  described  above,  the  moment  activator  is  blended  in  the  base  material  to  significantly  increase  the  amount 
of  dipole  moment  in  the  base  material  in  order  to  provide  an  excellently  improved  impact  absorption  capability.  The 
amount  of  dipole  moment  in  the  impact  absorptive  material  is  defined  as  the  difference  in  dielectric  constant  (  e  ') 
between  A  and  B  shown  in  Fig.  4.  That  is,  the  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  con- 
stant  (  e  ')  between  A  and  B  increases. 
[0273]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
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[0274]  Through  a  lengthy  research  on  impact  absorptive  materials  for  front  forks,  the  inventors  have  found  that  the 
energy  absorption  capability  or  impact  absorption  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e 
").  Through  study  on  the  dielectric  loss  factor  (  e  ")  of  the  above  impact  absorptive  material  based  on  this  finding,  the 
inventors  have  also  found  that  the  material  provides  excellent  shock  absorption  when  the  dielectric  loss  factor  is  50  or 
larger  at  the  frequency  of  1  10  Hz. 
[0275]  The  above  impact  absorptive  material  is  provided  between  the  outer  tube  and  the  inner  tube  of  a  front  fork  as 
shown  in  Fig.  63  to  absorb  and  reduce  impact  from  the  road  surface. 
[0276]  In  Fig.  63,  reference  numeral  15  designates  a  bracket  for  fixing  the  front  forks  1  1  to  a  car  body.  The  inner  tube 
13  is  inserted  into  the  outer  tube  12.  The  impact  absorptive  material  14  disposed  between  the  bottom  of  the  outer  tube 
12  and  the  lower  end  of  the  inner  tube  13  absorbs  and  damps  impact  or  shock  from  the  road  surface. 
[0277]  Figs.  64  and  65  show  another  type  of  front  forks  1  1  which  can  damp  impact  in  both  ways,  upward  and  down- 
ward.  The  front  fork  1  1  shown  in  Fig.  64  has  the  outer  tube  12  on  the  shaft  side  16  and  the  inner  tune  13  fixed  to  the 
body  via  the  bracket  1  5.  The  inner  tube  1  3  can  be  inserted  into  the  outer  tube  1  2.  A  T-shaped  support  lever  1  7  is  pro- 
vided  in  the  center  of  the  bottom  of  the  outer  tube  12,  and  a  coil  spring  19  is  provided  between  the  upper  end  surface 
of  the  supporting  lever  1  7  and  a  cap  20  attached  to  the  upper  end  of  the  inner  tube  1  3  to  urge  the  inner  tube  1  3  against 
the  outer  tube  12  in  the  upward  direction. 
[0278]  The  lower  end  of  the  inner  tube  1  3  extends  from  the  upper  end  of  the  support  lever  1  7  to  the  lower  part,  with 
a  stopper  21  provided  inside  the  lower  end  of  the  inner  tube  13.  A  ring-like  impact  absorptive  material  14  is  provided 
between  the  stopper  21  and  the  upper  end  of  the  support  lever  1  7. 
[0279]  In  the  front  fork  1  1  ,  the  spring  1  9  damps  impact  on  the  inner  tube  1  3  inserted  in  the  outer  tube  1  2  in  the  upward 
direction,  while  the  impact  absorptive  material  14  damps  impact  in  the  downward  direction. 
[0280]  The  dimension  of  the  impact  absorptive  material  can  be  appropriately  decided. 
[0281  ]  The  impact  absorptive  material  according  to  this  invention  can  be  used  as  grip  tapes  as  described  below. 
[0282]  In  recent  years,  impact  absorptive  tapes  are  conventionally  used  on  sports  equipment  such  as  tennis  or  bad- 
minton  rackets,  baseball  bats,  or  golf  clubs,  or  handles  of  bicycles  or  motorbikes,  or  tools  such  as  hammers. 
[0283]  Such  sports  equipment,  or  handles  or  hand  tools  with  such  conventional  shock  damping  tapes  on  can  provide 
limited  impact  absorption  and  therefore  their  users  receive  uncomfortable  feelings  from  use.  Their  elbows  may  eventu- 
ally  be  damaged. 
[0284]  Accordingly,  professionals  and  artisans  as  well  as  general  public  demand  a  grip  tape  which  can  provide  much 
improved  shock  damping. 
[0285]  Commercially  available  conventional  grip  tapes  generally  comprise  a  foam  resin  material  such  as  polyvinyl 
chloride  or  polyurethane  foam. 
[0286]  Due  to  the  low  impact  absorption  capability  of  such  a  foam  resin  material,  conventional  grip  tapes  do  not  pro- 
vide  sufficient  damping  of  impact. 
[0287]  The  grip  tape  according  to  this  invention  can  effectively  solve  this  shortcoming  and  can  provide  unexpectedly 
excellent  impact  absorption. 
[0288]  The  grip  tape  1  1  shown  in  Fig.  66  consists  of  a  single  layer  of  only  a  tape  substrate  12,  and  the  grip  tape  1  1 
shown  in  Fig.  67  has  an  adhesive  layer  13  under  the  tape  substrate  12.  The  grip  tape  1  1  shown  in  Fig.  68  has  a  large 
number  of  through  holes  14  in  the  tape  substrate  12  for  ventilation  to  evacuate  moisture  from  the  users. 
[0289]  The  configuration  of  the  grip  tape  according  to  this  invention  can  be  varied  according  to  application  or  use  con- 
ditions.  For  example,  recesses  and  protrusions  can  be  provided  on  the  tape  surface  to  improve  grip  ,or  a  shock  absorp- 
tive  adhesive  layer  may  be  provided  under  the  substrate. 
[0290]  The  tape  substrate  of  the  grip  tape  according  to  this  invention  is  described.  The  substrate  base  material  may 
be  a  polymer  such  as  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene,  polypropylene,  ethylene-vinyl  acetate 
copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile 
copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR), 
butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their  appropriate  mixture.  Polyvinyl  chloride  is  pre- 
ferred  for  its  moldability  and  low  cost. 
[0291  ]  In  the  tape  substrate  of  such  a  polymer,  the  relationship  between  the  amount  of  dipole  moment  and  the  impact 
absorption  capability  is  as  follows. 

Impact  vibration  transferred  to  the  grip  tape  is  partially  converted  into  heat. 
This  energy  conversion  damps  the  impact  vibration  on  the  grip  tape.  Through  research  on  the  mechanism  of 

impact  absorption,  the  inventor  have  found  that  the  displacement  and  recovery  of  the  dipoles  in  the  tape  substrate  pro- 
vides  excellent  energy  damping. 
[0292]  The  details  are  given  below.  Fig.  1  shows  an  arrangement  of  dipoles  12  in  a  tape  substrate  (base  material)  1  1 
prior  to  the  propagation  of  an  impact.  The  dipoles  2  are  stable  there.  When  an  impact  or  shock  is  applied  on  the  sub- 
strate,  the  dipoles  12  are  displaced  into  an  unstable  state  such  as  shown  in  Fig.  2,  which  are  prompted  to  return  to  a 
stable  state  such  as  shown  in  Fig.  1  . 
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[0293]  Energy  is  then  absorbed  or  consumed  excellently.  The  impact  absorption  is  assumed  to  be  provided  through 
the  absorption  of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles  in  the  tape  substrate  (base  material) 
11. 
[0294]  Based  on  this  assumption,  the  impact  absorption  capability  of  the  tape  substrate  1  1  can  be  improved  by 
increasing  the  amount  of  dipole  moment  in  the  tape  substrate  1  1  .  Thus,  the  substrate  material  should  have  large  dipole 
moment  in  the  molecules  to  provide  an  excellent  impact  absorption  capability. 
[0295]  Materials  which  inherently  have  large  dipole  moment  may  be  polarity  polymers  such  as  polyvinyl  chloride,  chlo- 
rinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  and 
chloroprene  rubber  (CR). 
[0296]  The  tape  is  usually  used  within  a  temperature  range  between  about  -  20°C  and  about  40°C.  It  is  essential  that 
a  polymer  which  has  or  will  have  a  glass  transition  point  in  this  operating  temperature  region  be  used  to  maximize  the 
damping  effect,  as  the  glass  transition  point  of  a  polymer  provides  the  most  effective  damping  according  to  the  inven- 
tors'  experiments. 
[0297]  Polymers  which  will  have  a  glass  transmission  point  in  such  an  operating  temperature  region  may  be  polyvinyl 
chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  or  sty- 
rene-butadiene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature 
region,  or  polymers  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber 
(SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  and  chlorinated  pol- 
yethylene  ,  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region. 
[0298]  In  selecting  an  appropriate  tape  substrate  material,  not  only  the  amount  of  dipole  moment  in  the  base  polymer 
and  the  operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability, 
and  price  should  be  duly  considered. 
[0299]  A  moment  activator  to  be  mixed  in  the  tape  substrate  may  be  a  plurality  of  compounds  selected  from  com- 
pounds  containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  a  diphenylacrylate  radical  such  as  ethyl-2- 
cyano-3,  3-di-phenylacrylate. 
[0300]  Preferably,  1  0  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  tape  substrate. 
If  less  than  10  parts  by  weight  is  mixed,  the  magnitude  of  dipole  moment  will  not  be  sufficiently  improved,  whereas  if 
more  than  200  parts  by  weight  is  mixed,  the  moment  activator  will  be  insufficiently  blended  with  the  tape  substrate  or 
may  waken  the  mechanical  integrity  of  the  product. 
[0301]  To  select  an  appropriate  moment  activator  to  be  mixed  in  the  tape  substrate,  not  only  the  amount  of  dipole 
moment  but  also  the  miscibility  between  the  moment  activator  and  the  tape  substrate  should  be  appropriately  consid- 
ered,  that  is,  the  SP  values  of  the  two  should  be  close  enough. 
[0302]  The  amount  of  dipole  moment  is  subject  to  the  tape  substrate  material  and  moment  activator.  Even  if  the  same 
materials  are  used,  the  magnitude  of  dipole  moment  varies  with  the  working  temperature. 

The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  energy  transferred  to  the  tape  substrate. 
Thus,  the  tape  substrate  material  and  moment  activator  should  be  selected  so  as  to  provide  the  largest  possible  mag- 
nitude  of  dipole  moment  considering  the  probable  temperature  and  magnitude  of  energy. 
[0303]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  may  be  additionally  provided  in  the  tape  substrate  to  further  improve  the  impact  absorption  capability  and 
to  increase  the  mechanical  strength  of  the  material.  Preferably,  10  to  80  %  by  weight  of  a  filler  is  blended  in  the  tape 
substrate. 

If  less  than  10  %  by  weight  is  blended,  the  filler  will  not  sufficiently  improve  the  absorption  capability,  whereas  if 
more  than  80  %  by  weight  is  blended,  it  will  not  be  blended  well  or  will  reduce  the  mechanical  integrity  of  the  tape  prod- 
uct. 
[0304]  The  grip  tape  of  the  present  invention  can  be  manufactured  by  mixing  the  tape  substrate  material  and  moment 
activator  and  optionally  a  filler  such  as  a  dispersant  or  thickener  with  conventional  melting/mixing  means  such  as  a  dis- 
solves  Banbury  mixer,  planetary  mixer,  grain  mill,  open  kneader,  or  vacuum  kneader. 
[0305]  As  described  above,  the  moment  activator  is  mixed  in  the  tape  substrate  to  significantly  increase  the  amount 
of  dipole  moment  and  provide  an  excellent  impact  absorption  capability.  The  amount  of  dipole  moment  in  the  tape  sub- 
strate  containing  a  moment  activator  is  given  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig. 
4.  That  is,  the  magnitude  of  dipole  moment  increases  when  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B 
increases. 
[0306]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0307]  Through  research  on  grip  tapes,  the  inventors  have  found  that  the  energy  or  impact  absorption  capability  can 
be  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 
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[0308]  The  inventors  have  also  found  that  the  grip  tape  of  the  present  invention  provides  excellent  impact  absorption 
when  the  dielectric  loss  factor  is  50  or  greater  at  the  frequency  of  1  10  Hz. 
[0309]  The  impact  absorption  material  according  to  this  invention  can  he  used  on  shoe  soles  as  well. 
[031  0]  Conventional  impact  absorptive  shoes  use  a  foamed  resin  material  such  as  polyvinyl  chloride  or  polyurethane 
in  their  shoe  soles. 
[031  1  ]  Due  to  the  low  impact  absorption  capability  of  such  a  foamed  resin  material,  conventional  shoe  soles  cannot 
not  sufficiently  damp  impact  or  shock. 
[031  2]  Some  conventional  shoe  soles  utilize  innersoles  provided  with  two  sheets  put  together  to  form  a  large  number 
of  cells  filled  with  liquid  silicon,  polyurethane,  or  rubber. 
[031  3]  Although  such  shoe  soles  somewhat  improve  the  impact  absorption  capability,  the  resultant  shock  absorption 
capability  is  still  not  high  enough. 

In  addition,  such  shoe  soles  require  a  complicated  structure  and  the  manufacturing  cost  is  high. 
[0314]  The  shoe  sole  according  to  this  invention  can  appropriately  cope  with  those  shorrtcomings  and  can  provide 
unexpectedly  excellent  impact  absorption. 
[0315]  The  shoe  1  1  shown  in  Fig.  69  has  under  a  shoe  leather  12  a  multi-layer  shoe  bottom  16  consisting  of  a  thin 
and  soft  insole  13,  a  midsole  14  installed  under  the  insole  13  of  an  impact  absorptive  material,  and  a  wear-resistant  out- 
ersole  15  installed  under  the  midsole  14. 
[0316]  The  structure  and  shape  of  impact  absorptive  shoes  using  the  shoe  sole  according  to  this  invention  may  be 
designed  as  desired  depending  on  the  requirements. 
[0317]  The  functions  of  the  shoes  can  also  be  designed  as  desired,  for  example  by  applying  a  wear-resistant  and 
impact-absorptive  material  to  the  outsole  15  of  the  shoe  1  1  as  shown  in  Fig.  69  to  improve  the  impact  absorption  capa- 
bility  of  the  shoes. 
[0318]  An  impact  absorptive  material  containing  a  moment  activator  which  can  increase  the  amount  of  dipole  moment 
in  the  base  material  is  applied  on  the  shoe  sole  of  this  invention  (the  midsole  14  in  the  shoe  1  1  shown  in  Fig.  69). 
[0319]  The  impact  absorptive  material  to  be  used  as  the  shoe  sole  is  now  described  in  detail.  The  base  material  of 
this  impact  absorptive  material  may  be  a  polymer  such  as  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene, 
polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  poly- 
styrene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber 
(NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  their 
selected  mixture.  Polyvinyl  chloride  is  preferred  for  its  moldability  and  low  cost. 
[0320]  In  the  impact  absorption  base  material  of  such  a  polymer,  the  relationship  between  the  magnitude  of  dipole 
moment  and  the  impact  absorption  capability  is  as  follows.  The  general  mechanism  of  impact  absorption  in  the  impact 
absorption  material  is  that  impact  such  as  vibration  collides  against  the  shoe  sole  (the  impact  absorptive  material)  to  be 
partially  converted  into  heat.  That  is,  the  impact  energy  is  converted  into  heat  and  damped.  Through  research  on  the 
mechanism  of  the  impact  absorption  of  impact  absorptive  materials  used  as  shoe  soles,  the  inventors  have  found  that 
the  displacement  and  recovery  of  the  dipoles  in  the  impact  absorptive  material  (base  material)  provides  great  energy 
damping. 
[0321  ]  The  details  are  given  below.  Fig.  1  shows  an  arrangement  of  dipoles  1  2  in  an  impact  absorptive  material  (base 
material)  1  1  prior  to  the  propagation  of  impact.  The  arrangement  of  the  dipoles  12  is  stable  there.  When  an  impact  is 
applied  onto  the  base  material,  the  dipoles  12  present  in  the  impact  absorptive  material  1  1  are  displaced  into  an  unsta- 
ble  state  such  as  shown  in  Fig.  2,  which  are  then  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0322]  Energy  is  then  absorbed  and  damped.  The  impact  absorption  capability  is  assumed  to  be  provided  through 
the  absorption  of  energy  by  the  displacement  and  recovery  of  the  dipoles  in  the  impact  absorptive  material  1  1  . 
[0323]  Based  on  this  mechanism  of  impact  absorption,  the  impact  absorption  capability  of  the  impact  absorptive 
material  1  1  can  be  improved  by  increasing  the  amount  of  dipole  moment  in  the  impact  absorptive  material  1  1  .  Thus,  a 
polymer  inherently  having  a  large  amount  of  dipole  moment  in  the  molecules  can  be  advantageously  used  to  provide  a 
better  impact  absorption  capability. 
[0324]  Polymers  which  inherently  have  large  dipole  moment  may  be  a  polarity  polymer  such  as  polyvinyl  chloride, 
chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR), 
or  chloroprene  rubber  (CR). 
[0325]  The  shoe  sole  according  to  this  invention  (midsole  1  4  shown  in  Fig.  69)  is  expected  to  be  used  within  the  tem- 
perature  range  between  about  -  20°C  and  about  40°C.  It  is  advantageous  to  use  a  polymer  which  has  or  will  have  a 
glass  transition  point  in  this  operating  temperature  region  because  the  impact  absorption  capability  is  maximized  near 
the  glass  transition  point  of  the  polymer  according  to  the  inventors'  experiment. 
[0326]  Polymers  which  will  have  a  glass  transition  point  in  the  operating  temperature  region  may  be  polyvinyl  chloride, 
polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  or  styrene-buta- 
diene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate  (DBP),  or 
diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature  region,  or 
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polymers  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadi- 
ene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  and  chlorinated  polyethylene 
which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region. 
[0327]  In  selecting  an  appropriate  base  material,  not  only  the  amount  of  dipole  moment  in  the  polymer  and  the  oper- 
ating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and  price 
should  be  appropriately  considered. 
[0328]  The  moment  activator  to  be  mixed  in  the  impact  absorptive  material  for  shoe  soles  can  be  a  plurality  of  com- 
pounds  containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  a  diphenylacrylate  radical  such  as  ethyl-2- 
cyano-3,  3-di-phenylacrylate.  Preferably,  10  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  100  parts  by 
weight  of  a  base  material.  If  less  than  10  parts  by  weight  of  a  moment  activator  is  mixed,  the  magnitude  of  dipole 
moment  will  not  be  sufficiently  increased,  whereas  if  more  than  200  parts  by  weight  is  mixed,  the  moment  activator  will 
insufficiently  blend  with  the  base  material  and  will  provide  a  poor  mechanical  strength. 
[0329]  To  select  an  appropriate  moment  activator  to  be  mixed  in  the  base  material,  not  only  the  amount  of  dipole 
moment  but  also  the  miscibility  between  the  moment  activator  and  the  base  material  should  be  duly  considered,  that  is, 
the  SP  values  of  both  should  be  close  enough. 
[0330]  The  magnitude  of  dipole  moment  is  subject  to  the  base  material  and  moment  activator.  Even  if  the  same  mate- 
rials  are  used,  the  amount  of  dipole  moment  varies  with  the  temperature.  The  amount  of  dipole  moment  is  also  affected 
by  the  magnitude  of  energy  transferred  to  the  base  material.  Thus,  the  base  material  and  moment  activator  should  be 
selected  so  as  to  provide  the  largest  possible  amount  of  dipole  moment  considering  the  expected  temperature  and 
magnitude  of  energy. 
[0331  ]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  can  be  additionally  blended  in  the  base  material  to  further  improve  the  absorption  capability  and  as  well 
as  the  mechanical  integrity  of  the  material.  Preferably,  10  to  80  %  by  weight  of  a  filler  is  blended  in  the  base  material.  If 
less  than  10  %  by  weight  of  a  filler  is  blended,  the  addition  of  the  filler  will  not  sufficiently  improve  the  absorption  capa- 
bility,  whereas  if  more  than  80  %  by  weight  of  a  filler  is  blended,  it  will  not  blend  well  in  the  base  material  and  will  reduce 
the  mechanical  strength  of  the  product. 
[0332]  The  impact  absorptive  material  used  as  the  shoe  sole  of  the  present  invention  can  be  manufactured  by  mixing 
the  base  material  and  moment  activator  and  optionally  a  filler,  dispersant,  or  thickener  as  desired  using  a  conventional 
melting  and  mixing  apparatus  such  as  a  dissolver,  Banbury  mixer,  planetary  mixer,  grain  mill,  open  kneader,  or  vacuum 
kneader. 
[0333]  As  described  above,  the  moment  activator  is  mixed  in  the  base  material  to  significantly  increase  the  amount 
of  dipole  moment  in  order  to  provide  an  excellent  impact  absorption  capability. 

The  magnitude  of  dipole  moment  in  the  impact  absorptive  material  containing  the  moment  activator  in  its  base 
material  is  given  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4. 

That  is,  the  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B 
increases. 
[0334]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0335]  Through  lengthy  research  on  impact  absorptive  materials  used  as  shoe  soles,  the  inventors  have  found  that 
the  energy  or  impact  absorption  capability  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 
[0336]  Studying  the  dielectric  loss  factor  (  e  ")  of  the  above  impact  absorptive  materials,  the  inventors  have  also  found 
that  the  materials  provide  excellent  impact  absorption  when  the  dielectric  loss  factor  is  50  or  larger  at  the  frequency  of 
110  Hz. 
[0337]  In  the  following  is  a  description  of  electromagnetic  wave  absorptive  materials  according  to  the  present  inven- 
tion. 
[0338]  Metal  sheets  have  been  conventionally  used  to  block  electromagnetic  waves  coming  from  electronic  devices. 
Due  to  mass  production  and  for  cost  reduction,  plastic  materials  that  pass  electromagnetic  waves  are  concurrently  in 
use  as  housings  for  electronic  devices,  resulting  in  leakage  of  electromagnetic  waves. 
[0339]  Various  attempts  have  been  made  to  prevent  electromagnetic  waves  from  leaking.  For  example,  sheet-like 
electromagnetic  wave  absorptive  materials  are  provided  by  sintering  and  molding  ferrite  powders. 

Such  electromagnetic  wave  absorptive  sheets  do  not  provide  sufficient  electromagnetic  wave  absorption.  They 
are  hard  to  process  or  mold,  and  are  fragile  and  unsuitable  for  mass  production. 
[0340]  To  solve  such  shortcomings,  ferrite  powders  are  mixed  with  a  resin  material.  However,  the  electromagnetic 
wave  absorption  capability  of  such  a  material  is  still  insufficient,  and  the  ferrite  powders  have  a  poor  miscibility  with  a 
polymer  due  to  their  relatively  large  surface  area.  As  a  result,  the  product  will  be  very  fragile. 
[0341]  Carbon  powders  or  titanic  acid  alkali  earth  metal  powders  are  also  used  instead  of  ferrite  powders,  but  their 
electromagnetic  wave  absorptive  characteristics  are  still  insufficient. 
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[0342]  The  electromagnetic  wave  absorptive  materials  according  to  this  invention  can  appropriately  solve  these  tech- 
nical  problems  of  conventional  electromagnetic  wave  absorptive  materials.  The  material  of  the  present  invention  pro- 
vides  excellent  electromagnetic  wave  absorption,  and  is  sufficiently  sturdy  and  easy  to  process. 
[0343]  The  base  material  of  such  an  electromagnetic  wave  absorber  of  the  present  invention  may  be  a  polymer  such 
as  polyvinyl  chloride,  chlorinated  polyethylene,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polyme- 
thyl  methacrylate,  polystyrene,  styrene-butadinene-acrylonitrile  copolymer,  polyurethane,  polyvinylformal,  epoxy,  phe- 
nol,  urea,  or  silicon,  or  rubber  polymer  such  as  acryl  rubber  (ACR),  acrylonitrile-butadinene  rubber  (NBR),  styrene- 
butadinene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  or  chloroprene  rubber 
(CR). 
[0344]  The  electromagnetic  wave  absorptive  material  or  absorber  of  the  present  invention  contains  a  moment  activa- 
tor  which  can  increase  the  magnitude  of  dipole  moment  in  the  base  material.  The  relationship  between  the  amount  of 
dipole  moment  and  the  electromagnetic  wave  absorption  capability  is  described  below.  Electromagnetic  waves  are 
propagation  of  vibration  through  an  electromagnetic  field  in  a  vacuum  or  matter.  The  general  mechanism  of  electromag- 
netic  wave  absorption  in  the  electromagnetic  wave  absorptive  material  is  that  electromagnetic  waves  collide  against  the 
electromagnetic  wave  absorptive  material  to  he  partially  converted  into  heat.  The  vibration  of  electromagnetic  fields  is 
damped  through  this  energy  conversion.  Through  research  on  the  mechanism  of  electromagnetic  wave  absorption,  the 
inventors  have  found  that  the  displacement  and  recovery  of  the  dipoles  in  the  base  material  constituting  the  electromag- 
netic  wave  absorber  significantly  promotes  the  energy  conversion. 
[0345]  The  detail  is  given  below.  Fig.  1  shows  a  representative  arrangement  of  dipoles  12  in  a  base  material  1  1  prior 
to  the  propagation  of  electromagnetic  waves  (vibration  of  electromagnetic  fields). 

The  dipoles  12  are  held  stable  there.  When  electromagnetic  waves  propagate  and  displace  the  dipoles  12  in  the 
base  material  11,  the  dipoles  12  are  displaced  into  an  unstable  state  such  as  shown  in  Fig.  2,  which  are  prompted  to 
return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0346]  Energy  is  then  absorbed  or  converted.  The  electromagnetic  wave  absorption  capability  of  the  present  invention 
is  assumed  to  be  provided  through  this  conversion  of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles 
in  the  base  material  1  1  . 
[0347]  Based  on  this  mechanism  of  electromagnetic  wave  absorption,  the  electromagnetic  wave  absorption  capability 
of  the  base  material  1  1  can  be  improved  by  increasing  the  amount  of  dipole  moment  in  the  base  material  1  1  .  Thus,  it  is 
essential  to  use  a  base  material  which  inherently  has  large  dipole  moment  in  the  molecules  in  order  to  provide  improved 
electromagnetic  wave  absorption. 
[0348]  Polymers  inherently  having  a  large  amount  of  dipole  moment  may  be  a  polarity  polymer  such  as  polyvinyl  chlo- 
ride,  chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber 
(SBR),  or  chloroprene  rubber  (CR).  Such  a  polarity  polymer  is  also  very  strong  and  easy  to  process. 
[0349]  The  electromagnetic  wave  absorptive  material  according  to  this  invention  can  be  used  for  electronics  appli- 
ances,  and  it  is  essential  to  maximize  the  electromagnetic  wave  absorption  characteristic  at  working  temperatures  or 
between  about  -  20°C  and  about  40°C. 
[0350]  To  maximize  the  electromagnetic  wave  absorption  in  the  operating  temperature  region,  the  electromagnetic 
wave  absorptive  material  according  to  this  invention  uses  as  its  base  material  a  polymer  which  has  or  will  have  a  glass 
transition  point  in  the  operating  temperature  region,  such  as  polyvinyl  chloride,  chlorinated  polyethylene,  polyethylene, 
polypropylene,  ethylene-vinyl  acetate  copolymer,  polymeth  yl  methacrylate,  polystyrene,  or  styrene-butadiene-acryloni- 
trile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate  (DBP),  or  diisononyl- 
phthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature  region  of  -  20°C  to 
40°C,  or  a  rubber  polymer  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rub- 
ber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  or  chlorinated 
polyethylene,  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region  of  -  20°C  to  40°C. 
[0351  ]  In  selecting  an  appropriate  polymer  for  a  base  material,  not  only  the  amount  of  dipole  moment  in  the  molecules 
and  the  operating  temperature  region  but  also  strength  and  easiness  to  process,  usability,  moldability,  availability,  tem- 
perature  property,  weatherability,  and  price  should  be  duly  considered. 
[0352]  The  moment  activator  to  be  mixed  in  the  base  material  may  be  a  plurality  of  compounds  selected  from  ones 
containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3- 
di-phenylacrylate. 
[0353]  Preferably,  1  0  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  base  material. 
If  less  than  1  0  parts  by  weight  of  a  moment  activator  is  mixed,  the  addition  will  not  provide  a  sufficient  increase  of  dipole 
moment,  whereas  if  more  than  200  parts  by  weight  is  mixed,  the  moment  activator  will  not  sufficiently  mix  with  the  pol- 
ymer  constituting  the  base  material. 
[0354]  To  select  an  appropriate  moment  activator  to  be  mixed  in  the  base  material,  the  miscibility  between  the 
moment  activator  and  the  polymer  of  the  base  material  should  be  appropriately  considered,  that  is,  the  SP  values  of  the 
both  should  be  close  enough. 
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[0355]  The  amount  of  dipole  moment  is  subject  to  the  base  material  and  the  moment  activator  blended  therewith.  The 
magnitude  of  dipole  moment  also  varies  with  the  working  temperature  as  well  as  is  affected  by  the  magnitude  of  energy 
transferred  to  the  base  material.  Thus,  the  base  material  and  the  moment  activator  should  be  selected  so  as  to  provide 
the  largest  possible  amount  of  dipole  moment  considering  the  expected  temperature  and  magnitude  of  energy. 
[0356]  As  described  above,  the  electromagnetic  wave  absorptive  material  containing  a  moment  activator  provides 
excellent  electromagnetic  wave  absorption.  The  magnitude  of  dipole  moment  in  the  electromagnetic  wave  absorptive 
material  (base  material)  is  represented  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4. 
That  is,  the  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0357]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0358]  Through  research  on  electromagnetic  wave  absorptive  materials,  the  inventors  have  found  that  the  energy 
absorption  capability  or  electromagnetic  wave  absorption  capability  can  be  improved  by  increasing  the  dielectric  loss 
factor  (  e  "). 
[0359]  The  inventors  have  also  found  that  the  material  of  the  invention  provides  excellent  electromagnetic  wave 
absorption  when  the  dielectric  loss  factor  is  100  or  larger  at  the  frequency  of  1  10  Hz. 
[0360]  Since  different  electromagnetic  frequency  regions  need  be  coped  with,  it  is  essential  to  provide  particularly 
favorable  electromagnetic  wave  absorption  characteristics  in  particular  frequency  ranges.  To  meet  this  requirement,  the 
electromagnetic  wave  absorptive  material  of  the  present  invention  contains  a  base  material  moment  activator  which  is 
appropriately  selected.  Different  base  materials  and  moment  activators  exhibit  different  electromagnetic  wave  absorp- 
tion  characteristics  in  different  frequency  regions.  Accordingly,  a  base  material  and  a  moment  activator  which  exhibit 
high  electromagnetic  wave  absorption  in  different  electromagnetic  frequency  regions  should  be  selected  and  used. 
[0361  ]  There  is  a  demand  for  a  single  electromagnetic  wave  damper  which  can  effectively  cover  a  wide  frequency 
region.  Such  a  requirement  can  be  met  by  combining  together  a  plurality  of  different  types  of  electromagnetic  wave 
absorptive  materials  having  different  frequency  properties,  or  blending  different  moment  activators  exhibiting  different 
peak  electromagnetic  wave  absorption  properties  in  different  frequency  regions  with  a  plurality  of  different  base  mate- 
rials  exhibiting  different  frequency  characteristics,  or  blending  a  plurality  of  different  types  of  moment  activator  com- 
pounds  exhibiting  different  frequency  properties  with  a  base  material. 
[0362]  Such  a  combined  type  absorber  may  be  provided,  for  example,  by  combining  a  sheet  material  having  a  peak 
property  in  a  frequency  range  of  500  60  1  ,000  MHz  with  a  sheet  material  having  a  peak  property  in  a  frequency  range 
of  1,000  to  2,000  MHz  to  obtain  a  combined  type  sheet  material  by  lamination  or  integration.  Thus,  an  electromagnetic 
wave  absorber  sheet  which  exhibits  an  effective  electromagnetic  wave  absorption  characteristic  in  the  frequency  range 
between  500  and  2,000  MHz  can  be  obtained. 
[0363]  A  moment  activator  or  compound  exhibiting  an  effective  electromagnetic  wave  absorption  characteristic  in  the 
frequency  range  between  500  to  1  ,000  MHz  and  a  moment  activator  or  compound  exhibiting  an  effective  electromag- 
netic  wave  absorption  characteristic  in  the  frequency  range  between  1  ,000  to  2,000  MHz  may  be  blended  in  a  base 
material,  which  is  molded  into  a  sheet.  Thus,  an  electromagnetic  wave  absorptive  sheet  exhibiting  an  effective  electro- 
magnetic  wave  absorption  characteristic  in  the  frequency  range  between  500  and  2,000  MHz  can  be  obtained.  This 
embodiment  absorber  can  be  a  single  sheet  and  does  not  require  lamination  or  adhesion. 
[0364]  The  electromagnetic  wave  absorptive  material  according  to  this  invention  may  be  used  as  a  composite  com- 
prising  a  synthetic  resin  film  such  as  of  polyvinyl  chloride,  polyethylene,  polypropylene,  or  polyethylene,  or  a  fibrous 
sheet  such  as  paper,  cloth,  or  non-woven  cloth. 
[0365]  The  electromagnetic  wave  absorptive  material  or  absorber  of  the  present  invention  may  be  provided  as  an 
electromagnetic  wave  absorptive  paint. 
[0366]  Conventional  electromagnetic  wave  absorptive  paints  contain  metal  powders  such  as  ferrite  or  titanic  acid 
alkali  earth  metal  or  inorganic  powders  such  as  carbon  powders. 
[0367]  Such  conventional  electromagnetic  wave  absorptive  paints  have  an  insufficient  electromagnetic  absorption 
capability  and  require  a  large  amount  of  inorganic  powders  to  be  mixed  therein  to  provide  effective  electromagnetic 
wave  absorption.  Furthermore,  to  provide  sufficient  electromagnetic  wave  absorption,  the  electromagnetic  wave 
absorptive  layer  need  be  20  to  30  mm  thick.  Such  an  electromagnetic  wave  absorber  is  heavy  and  may  be  removed 
easily  from  the  application  site.  All  these  defects  are  detrimental  factors  for  applications  on  electronics,  communication 
apparatuses,  or  airplanes. 
[0368]  The  electromagnetic  wave  absorptive  paint  according  to  this  invention  can  adequately  solve  these  technical 
problems.  It  can  provide  a  thin  and  light  electromagnetic  wave  absorptive  layer  which  is  capable  of  providing  highly 
effective  electromagnetic  wave  absorption. 
[0369]  The  electromagnetic  wave  absorptive  paint  of  the  present  invention  contains  a  moment  activator  which  can 
increase  the  amount  of  dipole  moment. 
[0370]  The  relationship  between  the  magnitude  of  dipole  moment  and  the  electromagnetic  wave  absorption  capability 
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is  described  below.  As  is  well  known,  electromagnetic  waves  are  vibrations  in  electromagnetic  fields  through  a  vacuum 
or  matter.  Electromagnetic  waves  collide  against  an  electromagnetic  wave  absorptive  layer  to  be  partially  converted  into 
heat,  providing  an  energy  conversion  or  damping. 

Through  research,  the  inventors  have  found  that  the  displacement  and  recovery  of  the  dipoles  in  the  electromag- 
netic  wave  absorptive  paint  provides  additional  and  excellent  energy  absorption. 
[0371  ]  The  details  are  given  below.  Fig.  1  shows  an  arrangement  of  dipoles  1  2  in  an  electromagnetic  wave  absorptive 
layer  (base  material)  1  1  provided  by  the  electromagnetic  wave  absorptive  paint  of  the  present  invention  prior  to  the 
propagation  of  electromagnetic  waves.  The  dipoles  12  are  stable.  When  electromagnetic  waves  propagate  and  displace 
the  dipoles  12  in  the  electromagnetic  wave  absorptive  layer  1  1  ,  the  dipoles  12  are  displaced  into  an  unstable  state  such 
as  shown  in  Fig.  2,  which  are  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0372]  Energy  is  then  absorbed  or  consumed.  The  electromagnetic  wave  absorption  capability  is  assumed  to  be  pro- 
vided  through  this  absorption  or  conversion  of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles  in  the 
electromagnetic  wave  absorptive  layer  1  1  . 
[0373]  The  paint  base  material  may  be  a  polymer  such  as  polyvinyl  chloride,  chlorinated  polyethylene,  polyethylene, 
polypropylene,  ethyle  ne-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  styrene-butadinene-acryloni- 
trile  copolymer,  polyurethane,  polyvinylformal,  epoxy,  phenol,  urea,  or  silicon,  or  rubber  polymer  such  as  acryl  rubber 
(ACR),  acrylonitrile-butadinene  rubber  (NBR),  styrene-butadinene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber 
(NR),  isoprene  rubber  (IR),  or  chloroprene  rubber  (CR). 
[0374]  Based  on  the  above  mechanism  of  electromagnetic  wave  absorption,  the  electromagnetic  wave  absorption 
capability  of  the  electromagnetic  wave  absorptive  layer  1  1  can  be  improved  by  increasing  the  amount  of  dipole  moment 
in  the  electromagnetic  wave  absorptive  layer  1  1  . 

Accordingly,  a  polymer  inherently  having  large  dipole  moment  in  the  molecules  may  be  advantageously  used  to 
provide  highly  effective  electromagnetic  wave  absorption. 
[0375]  Polymers  which  inherently  have  large  dipole  moment  may  be  polarity  polymers  such  as  polyvinyl  chloride,  chlo- 
rinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  and 
chloroprene  rubber  (CR). 
[0376]  The  electromagnetic  wave  absorptive  paint  according  to  this  invention  is  applicable  on  electronics,  communi- 
cation  apparatuses,  vehicles,  airplanes,  interior  materials,  or  electric  appliances,  so  it  is  very  important  to  maximize  the 
electromagnetic  wave  absorption  property  at  operating  temperatures  between  about  -  20°C  and  about  40°C. 
[0377]  To  maximize  the  electromagnetic  wave  absorption  in  the  operating  temperature  region,  this  invention  proposes 
that  the  electromagnetic  wave  absorptive  paint  comprise  a  polymer  which  has  or  will  have  a  glass  transition  point  in  the 
operating  temperature  region.  A  polymer  which  will  have  a  glass  transmission  point  in  the  operating  temperature  region 
maybe  polyvinyl  chloride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  pol- 
ystyrene,  or  styrene-butadiene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP), 
dibutylphthalate  (DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating 
temperature  region  of  -20°C  to  40°C,  or  a  rubber  polymer  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber 
(NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene 
rubber  (CR),  or  chlorinated  polyethylene  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  tempera- 
ture  region  of  -  20°C  to  40°C. 
[0378]  In  selecting  an  appropriate  paint  base  material,  not  only  the  magnitude  of  dipole  moment  in  the  molecules  and 
the  operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and 
price  should  be  duly  considered. 
[0379]  The  moment  activator  may  be  a  plurality  of  compounds  selected  from  ones  containing  a  mercaptobenzothi- 
azyle  or  benzotriazole  radical  or  ones  containing  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3-di-phenylacr- 
ylate. 
[0380]  Preferably,  10  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  100  parts  by  weight  of  a  paint  base 
material.  If  less  than  10  parts  by  weight  of  a  moment  activator  is  mixed,  the  dipole  moment  will  not  be  sufficiently  pro- 
moted,  whereas  if  more  than  200  parts  by  weight  of  a  moment  activator  is  mixed,  the  miscibility  of  the  moment  activator 
with  the  base  paint  material  will  be  a  problem  and  will  not  provide  sufficient  strength. 
[0381  ]  To  select  an  adequate  moment  activator  to  be  mixed  in  the  paint  base,  the  miscibility  between  the  moment 
activator  and  the  paint  base  material  should  be  adequately  considered.  That  is,  the  SP  values  of  both  should  be  close 
enough. 
[0382]  The  magnitude  of  dipole  moment  is  subject  to  the  paint  base  material  and  moment  activator.  The  same  com- 
ponents  will  not  provide  the  same  amount  of  dipole  moment  under  different  temperature  conditions. 

The  magnitude  of  dipole  moment  is  also  affected  by  the  magnitude  of  energy  transferred  to  the  paint.  Accord- 
ingly,  the  paint  base  and  moment  activator  should  be  selected  so  as  to  provide  the  largest  possible  amount  of  dipole 
moment,  considering  the  expected  temperature  and  magnitude  of  energy. 
[0383]  An  electromagnetic  wave  absorptive  paint  should  advantageously  be  also  workable  in  various  electromagnetic 
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frequency  regions,  so  it  is  desirable  to  provide  an  electromagnetic  wave  absorptive  paint  which  can  effectively  cover  a 
wide  frequency  range.  To  meet  this  requirement,  the  electromagnetic  wave  absorptive  paint  may  comprise  a  plurality  of 
different  paint  base  materials  and  moment  activator  compounds. 

Different  types  of  paint  base  materials  and  moment  activators  exhibit  different  absorption  characteristics  in  dif- 
ferent  frequency  regions,  which  in  combination  can  provide  a  wide  range  of  electromagnetic  wave  absorption. 
[0384]  There  is  a  demand  for  an  electromagnetic  wave  absorber  workable  over  a  wide  frequency  range.  Such  a 
requirement  is  met  by  mixing  a  plurality  of  paint  base  materials  and  moment  activator  compounds  exhibiting  different 
electromagnetic  wave  absorption  characteristics  in  different  frequency  regions. 
[0385]  A  moment  activator  which  effectively  provides  electromagnetic  wave  absorption  in  the  frequency  region 
between  500  to  1,000  MHz  may  be  mixed  in  a  paint  base  material  which  provides  effective  electromagnetic  wave 
absorption  in  the  frequency  region  between  1  ,000  to  2,000  MHz.  Consequently,  an  electromagnetic  absorptive  layer 
provided  with  this  electromagnetic  wave  absorptive  paint  provides  effective  electromagnetic  wave  absorption  in  the  fre- 
quency  range  between  500  to  2,000  MHz. 
[0386]  A  moment  activator  compound  providing  peak  electromagnetic  wave  absorption  in  the  frequency  range 
between  500  to  1  ,000  MHz  and  a  moment  activator  compound  providing  peak  electromagnetic  wave  absorption  in  the 
frequency  range  between  1,000  to  2,000  MHz  may  be  mixed  in  a  paint  base  material.  Consequently,  the  electromag- 
netic  wave  absorptive  layer  can  provide  effective  electromagnetic  wave  absorption  in  the  frequency  range  between  500 
and  2,000  MHz. 
[0387]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  can  be  additionally  blended  in  the  paint  material  to  further  improve  electromagnetic  wave  absorption 
capability  and  provide  the  paint  film  with  strength.  Preferably,  1  0  to  90  %  by  weight  of  a  filler  is  blended  in  the  paint  mate- 
rial. 

If  less  than  1  0  %  by  weight  of  a  filler  is  blended,  the  addition  of  the  filler  will  not  sufficiently  improve  the  absorption 
capability,  whereas  if  more  than  90  %  by  weight  of  a  filler  is  blended,  the  filler  will  not  blend  sufficiently  and  will  reduce 
the  integrity  of  the  paint  layer. 
[0388]  The  electromagnetic  wave  absorptive  paint  according  to  this  invention  may  be  obtained  in  an  emulsion  form 
by  mixing  together  the  paint  material  and  moment  activator  and  optionally  a  filler  or  fillers,  and  dispersing  the  mixture  in 
water  or  alcohol.  Dispersant,  wetting  agent,  thickener,  antifoaming  agent,  or  colorant  may  be  further  added  as  desired. 
[0389]  Such  an  electromagnetic  wave  absorptive  paint  of  the  present  invention  may  be  manufactured  by  mixing  the 
paint  base  material  and  moment  activator  and  a  dispersing  solvent  such  as  water  or  alcohol  as  well  as  a  filler,  disper- 
sant,  or  thickener  as  required,  and  dispersing  and  blending  the  mixture  using  conventional  melting  and  mixing  means 
such  as  a  dissolver,  Banbury  mixer,  planetary  mixer,  grain  mill,  open  kneader,  or  vacuum  kneader. 
[0390]  The  electromagnetic  wave  absorptive  paint  may  be  applied  by  a  conventional  air  spray  gun,  airless  spray  gun, 
or  brushing. 
[0391]  As  described  above,  the  moment  activator  is  mixed  in  the  paint  material  to  significantly  increase  the  amount 
of  dipole  moment  in  order  to  provide  an  excellent  electromagnetic  wave  absorption  capability  for  the  electromagnetic 
wave  absorptive  layer. 
[0392]  The  magnitude  of  dipole  moment  in  the  electromagnetic  wave  absorptive  layer  is  defined  as  the  difference  in 
dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4.  The  magnitude  of  dipole  moment  increases  as  the  difference 
in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0393]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  )  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0394]  Through  research  on  electromagnetic  wave  absorptive  paints,  the  inventors  have  found  that  the  energy 
absorption  capability  or  the  electromagnetic  wave  absorption  capability  can  be  improved  by  increasing  the  dielectric 
loss  factor  (  e  "). 
[0395]  The  inventors  have  also  found  that  the  paint  provides  excellent  electromagnetic  wave  absorption  when  the  die- 
lectric  loss  factor  is  100  or  larger  at  the  frequency  of  1  10  Hz. 
[0396]  A  vibration-proof  material  according  to  this  invention  is  now  described. 
[0397]  Rubber  materials  such  as  butyl  rubber  and  NBR,  which  can  be  easily  processed  and  possess  sufficient 
mechanical  strength,  have  been  used  as  conventional  vibration-proofing  materials. 
[0398]  The  vibration  shielding  capability  (vibration-energy  insulation  or  reduction  capability)  of  such  a  rubber  material 
is  excellent,  however,  it  is  not  high  enough  when  used  singly.  Thus,  for  a  vibration  shielding  of  buildings  and  equipment, 
such  a  rubber  material  has  been  used  in  a  composite  form  such  as  a  laminate  with  steel  plates  or  in  a  combination  of 
such  a  laminate  with  a  lead  core  or  oil  damper,  which  plastically  deforms  to  absorb  vibration  energy. 
[0399]  Since  such  a  conventional  rubber  material  used  as  a  vibration  shield  need  be  used  in  a  composite  form  to  pro- 
vide  sufficient  vibration  damping,  its  vibration-proof  structure  necessarily  becomes  complicated,  so  there  has  been  a 
demand  for  an  improved  vibration-proof  material. 
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[0400]  Japanese  Patent  Laid-Open  Publication  No.  2-308835  and  Japanese  Patent  Laid-Open  Publication  No.  2- 
34643  have  proposed  rubber  compositions  with  improved  vibration-proof  capabilities. 
[0401]  Those  disclosed  rubber  compositions,  however,  require  a  large  amount  of  carbon,  for  example,  40  to  50  parts 
by  weight  of  carbon  black  to  be  mixed  in  1  00  parts  by  weight  of  a  rubber  material  in  order  to  provide  high  enough  vibra- 
tion  shield,  resulting  in  significantly  reduced  tensile  strength  and  creep  resistance. 
[0402]  The  vibration-proof  material  according  to  this  invention  can  appropriately  solve  these  technical  problems  and 
provide  improved  vibration  shield,  which  is  mechanically  strong  and  easy  to  process. 
[0403]  The  vibration  shielding  material  of  the  present  invention  contains  in  its  base  material  a  moment  activator  which 
can  increase  the  magnitude  of  dipole  moment. 
[0404]  First,  the  relationship  between  the  amount  of  dipole  moment  and  the  vibration-proof  capability  is  described. 
Fig.  1  shows  an  arrangement  of  dipoles  12  in  a  base  material  1  1  prior  to  the  transfer  of  vibration  energy.  Those  dipoles 
1  2  are  stable.  When  a  vibration  energy  is  transferred  and  displaces  the  dipoles  1  2  in  the  base  material  1  1  into  an  unsta- 
ble  state  such  as  shown  in  Fig.  2,  the  dipoles  12  are  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0405]  Energy  is  then  consumed.  The  vibration-proof  capability  is  assumed  to  be  provided  through  the  consumption 
of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles  in  the  base  material  1  1  . 
[0406]  The  vibration  shielding  capability  of  the  base  material  1  1  can  be  improved  by  increasing  the  amount  of  dipole 
moment  in  the  base  material  11.  Thus,  the  base  material  should  be  one  which  inherently  has  large  dipole  moment  in 
the  molecules  to  provide  an  improved  vibration-proof  capability. 
[0407]  Polymers  which  inherently  have  large  dipole  moment  may  be  a  polarity  polymer  such  as  polyvinyl  chloride, 
chlorinated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR), 
or  chloroprene  rubber  (CR). 

Such  a  polarity  polymer  is  mechanically  strong  and  easy  to  process. 
[0408]  The  vibration  damping  material  according  to  this  invention  can  be  applied  on  automobiles,  interior  materials, 
construction  materials,  and  electric  appliances,  so  it  is  essential  to  maximize  the  vibration-energy  shielding  at  operating 
temperatures  between  about  -  20  °C  and  about  40°C. 
[0409]  To  maximize  the  vibration-energy  absorption  capability  in  the  operating  temperature  region,  this  invention  pro- 
poses  that  the  vibration  shielding  material  comprise  as  its  base  material  a  polymer  which  has  or  will  have  a  glass  tran- 
sition  point  in  the  operating  temperature  region.  Polymers  which  will  have  a  glass  transmission  point  in  the  operating 
temperature  range  may  be  polyvinyl  chloride,  pol  yethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polyme- 
thyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copolymer,  or  sty- 
rene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexalphthalate  (DOP),  dibutylphthalate  (DBP),  or 
diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature  region  of  - 
20°C  to  40°C,  or  a  rubber  polymer  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadi- 
ene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  or  chlo- 
rinated  polyethylene  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region  of  -  20°C 
to  40°C. 
[0410]  In  selecting  an  appropriate  polymer  for  the  base  material,  not  only  the  amount  of  dipole  moment  in  the  mole- 
cules  and  the  operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weathera- 
bility,  and  price  should  be  duly  considered. 
[0411]  The  moment  activator  may  be  a  plurality  of  compounds  selected  from  ones  containing  a  mercaptobenzothi- 
azyle  or  benzotriazole  radical  or  containing  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3-di-phenylacrylate. 
[041  2]  Preferably,  1  0  to  300  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  base  material. 
If  less  than  10  parts  by  weight  of  a  moment  activator  is  mixed,  the  addition  of  the  moment  activator  will  not  sufficiently 
increase  the  amount  of  dipole  moment,  whereas  if  more  than  300  parts  by  weight  of  a  moment  activator  is  mixed,  the 
moment  activator  will  not  sufficiently  blend  with  the  base  material. 
[0413]  To  select  an  appropriate  moment  activator  to  be  mixed  in  the  base  material,  the  miscibility  between  the 
moment  activator  and  the  base  material  should  be  duly  considered.  That  is,  the  SP  values  of  both  should  be  close 
enough. 
[0414]  The  amount  of  dipole  moment  is  subject  to  the  base  material  and  moment  activator.  Even  if  they  are  the  same, 
the  amount  of  dipole  moment  varies  with  the  working  temperature.  The  magnitude  of  dipole  moment  is  also  affected  by 
the  magnitude  of  vibration  energy  transferred  to  the  base  material.  Thus,  the  base  material  and  moment  activator 
should  be  selected  so  as  to  provide  the  largest  possible  amount  of  dipole  moment,  considering  the  possible  tempera- 
ture  and  magnitude  of  vibration  energy. 
[041  5]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  can  be  additionally  blended  in  the  base  material  to  further  improve  the  vibration-proof  capability. 
[041  6]  The  vibration  damping  material  according  to  this  invention  can  be  obtained  by  mixing  together  the  base  mate- 
rial  and  moment  activator,  and  optionally  a  filler  or  fillers.  They  can  be  made  into  various  forms  such  as  sheets,  blocks, 
grains,  or  fibers  depending  on  applications  or  use  conditions.  The  size  or  shape  of  the  vibration-proof  material  may  be 
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controlled  to  provide  different  resonance  frequency  properties  and  may  thus  be  determined  as  appropriate  depending 
on  applications  or  use  conditions. 
[0417]  As  described  above,  the  vibration  shielding  material  of  the  present  invention  provides  an  excellent  vibration- 
proof  capability. 

The  amount  of  dipole  moment  in  the  vibration  absorptive  material  is  represented  as  the  difference  in  dielectric 
constant  (  e  ')  between  A  and  B  shown  in  Fig.  4.  The  amount  of  dipole  moment  increases  as  the  difference  in  dielectric 
constant  (  e  ')  between  A  and  B  increases. 
[0418]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e 
").  The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[041  9]  Through  research  on  vibration  absorptive  materials,  the  inventors  have  found  that  the  vibration-proof  capability 
(Q  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  ").  That  is,  the  dielectric  loss  tangent  (tan  5)  indicating  an 
electronic  property  of  polymers  corresponds  to  the  elastic  tangent  (tan  5)  indicating  dynamic  elasticity,  and  the  relation- 
ship  between  the  elastic  tangent  (tan  5)  and  the  vibration-proof  ratio  (£)  indicating  the  level  of  the  vibration-proofing 
capability  is  expressed  as  follows:  X,  =  tan  5/2  . 
[0420]  The  inventors  have  also  found  that  with  a  dielectric  loss  factor  of  50  or  larger  at  the  frequency  of  1  10  Hz,  the 
material  has  a  high  elastic  tangent  (tan  5)  or  high  damping  ratio  (£),  which  is  in  proportion  to  the  elastic  tangent  (tan  5), 
and  can  provide  excellent  vibration  shield. 
[0421]  A  piezoelectric  material  according  to  this  invention  is  now  described. 
[0422]  A  conventional  piezoelectric  material  is  formed  by  sintering  a  piezoelectric  ceramic  such  as  lead  zirconate 
titanate  (PZT)  or  barium  titanate  and  polarization  of  the  ceramic. 
[0423]  Such  a  piezoelectric  material  is  fragile  and  hard  to  process  over  a  large  area.  Besides,  piezoelectric  materials 
are  generally  expensive. 
[0424]  Another  type  of  piezoelectric  polymer  is  provided  by  drawing  a  fluorine  resin  such  as  PVDF  and  polarization 
thereof. 
[0425]  Although  its  fragile  nature  is  improved,  this  piezoelectric  material  provides  poorer  performance  than  the  piezo- 
electric  ceramic  and  is  more  expensive  due  to  the  need  for  drawing  and  polarization  processes. 
[0426]  Yet  another  piezoelectric  material  has  been  proposed,  which  is  a  composite  material  formed  by  combining  the 
piezoelectric  ceramic  with  a  piezoelectric  polymer. 
[0427]  Even  this  piezoelectric  material  cannot  eliminate  the  disadvantages  of  the  above  conventional  piezoelectric 
materials. 
[0428]  The  piezoelectric  material  according  to  this  invention  can  appropriately  solve  these  technical  weaknesses  and 
does  not  require  drawing  or  polarization  treatment.  Furthermore,  the  material  of  the  present  invention  is  relatively  inex- 
pensive  but  has  an  excellent  piezoelectric  property. 
[0429]  The  piezoelectric  material  of  the  present  invention  is  characterized  in  that  a  moment  activator  is  blended  in  its 
base  material  to  increase  the  amount  of  dipole  moment  therein. 
[0430]  The  base  material  of  this  piezoelectric  material  may  be  a  polymer  such  as  polyvinyl  chloride,  polyethylene, 
chlorinated  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  flu- 
oride,  polyisoprene,  polystyrene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acryloni- 
trile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene 
rubber  (IR),  or  their  selected  mixture.  Polyvinyl  chloride  is  preferred  for  its  moldability  and  low  cost. 
[0431]  In  the  piezoelectric  material  comprising  such  a  polymer  as  its  base  material,  the  relationship  between  the 
amount  of  dipole  moment  and  the  piezoelectric  property  is  as  follows.  As  is  well  known,  when  a  stress  is  applied  onto 
the  piezoelectric  material,  opposite  electric  charges  appear  at  the  opposite  surfaces  of  the  piezoelectric  material. 

The  magnitude  of  the  charges  is  in  proportion  to  the  stress.  When  electric  fields  are  applied  to  the  piezoelectric 
material,  distortion  occurs.  Its  magnitude  is  in  proportion  to  the  electric  fields.  It  is  also  known  that  a  piezoelectric  mate- 
rial  consisting  of  a  polymer  produces  a  piezoelectric  effect  through  polarization  caused  by  the  freezing  of  the  orientation 
of  the  dipole  moment  in  the  main  and  side  chains  of  the  polymer. 
[0432]  This  characteristic  is  provided  through  energy  conversion. 

While  studying  the  mechanism  of  the  piezoelectric  property  of  the  piezoelectric  material,  the  inventors  have 
found  that  the  dipoles  in  the  piezoelectric  material  can  be  displaced  with  certain  freedom  and  then  recovered  to  a  stable 
state,  consuming  energy  and  providing  an  excellent  piezoelectric  performance. 
[0433]  Further  details  are  given  below.  Fig.  1  shows  an  arrangement  of  dipoles  1  2  in  a  piezoelectric  base  material  1  1 
prior  to  the  propagation  of  energy  (stress).  The  dipoles  2  are  stable.  When  an  energy  propagates  and  displaces  the 
dipoles  12  in  the  piezoelectric  material  1  1  ,  the  dipoles  12  in  the  piezoelectric  material  1  1  are  displaced  into  an  unstable 
state  such  as  shown  in  Fig.  2,  which  are  then  prompted  to  return  to  a  stable  state  such  as  shown  in  Fig.  1  . 
[0434]  Energy  is  then  effectively  converted.  The  extra  piezoelectric  property  is  assumed  to  be  provided  through  the 
conversion  of  energy  provided  by  the  displacement  and  recovery  of  the  dipoles  in  the  piezoelectric  material  1  1  . 
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[0435]  The  piezoelectric  property  can  be  improved  by  increasing  the  amount  of  dipole  moment  in  the  piezoelectric 
material  (the  base  material)  1  1  . 
[0436]  Accordingly,  a  polymer  material  inherently  having  large  dipole  moment  should  advantageously  be  selected  to 
provide  a  high  piezoelectric  capacity. 
[0437]  Polymers  which  inherently  have  large  dipole  moment  are  polarity  polymers  such  as  polyvinyl  chloride,  chlorin- 
ated  polyethylene,  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rubber  (SBR),  and 
chloroprene  rubber  (CR). 
[0438]  When  applied  to  a  sensor,  actuator  or  supersonic  motor,  the  piezoelectric  material  of  the  present  invention  is 
subjected  to  temperatures  between  about  -  20°C  and  about  40°C.  It  is  advantageous  to  use  as  the  base  material  a  pol- 
ymer  which  has  or  will  have  a  glass  transition  point  in  this  operating  temperature  region  because  the  piezoelectric 
capacity  is  maximized  near  the  glass  transition  point  of  polymers. 
[0439]  Polymers  which  will  have  a  glass  transmission  point  in  this  operating  temperature  range  may  be  polyvinyl  chlo- 
ride,  polyethylene,  polypropylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polystyrene,  or  styrene- 
butadiene-acrylonitrile  copolymer,  to  which  a  plasticizer  such  as  di-2-ethylhexylphthalate  (DOP),  dibutylphthalate 
(DBP),  or  diisononylphthalate  (DINP)  is  added  to  shift  their  glass  transition  point  (Tg)  into  the  operating  temperature 
region,  or  a  rubber  polymer  such  as  acrylic  rubber  (ACR),  acrylonitrile-butadiene  rubber  (NBR),  styrene-butadiene  rub- 
ber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  isoprene  rubber  (IR),  chloroprene  rubber  (CR),  or  chlorinated 
polyethylene,  which  themselves  have  a  glass  transition  point  (Tg)  in  the  operating  temperature  region. 
[0440]  In  selecting  an  appropriate  base  material,  not  only  the  magnitude  of  dipole  moment  in  the  molecules  and  the 
operating  temperature  region  but  also  usability,  moldability,  availability,  temperature  property,  weatherability,  and  price 
should  be  adequately  considered. 
[0441  ]  According  to  the  piezoelectric  material  of  this  invention,  the  moment  activator  mixed  in  the  base  material  may 
be  a  plurality  of  compounds  selected  from  ones  containing  a  mercaptobenzothiazyle  or  benzotriazole  radical  or  ones 
containing  a  diphenylacrylate  radical  such  as  ethyl-2-cyano-3,  3-di-phenylacrylate. 
[0442]  Preferably,  1  0  to  200  parts  by  weight  of  a  moment  activator  is  mixed  in  1  00  parts  by  weight  of  a  base  material. 
If  less  than  10  parts  by  weight  of  a  moment  activator  is  mixed,  the  amount  of  dipole  moment  will  not  be  sufficiently 
increased,  whereas  if  more  than  200  parts  by  weight  of  a  moment  activator  is  mixed,  the  moment  activator  will  be  insuf- 
ficiently  mixed  with  the  base  material  and  insufficient  mechanical  integrity  will  result. 
[0443]  To  select  an  appropriate  moment  activator  to  be  mixed  in  the  base  material,  not  only  the  amount  of  dipole 
moment  but  also  the  miscibility  between  the  moment  activator  and  the  base  material  should  be  duly  considered.  The 
SP  values  of  both  should  be  close  enough. 
[0444]  The  magnitude  of  dipole  moment  is  subject  to  the  base  material  and  moment  activator.  The  amount  of  dipole 
moment  varies  with  the  working  temperature.  The  amount  of  dipole  moment  is  also  affected  by  the  magnitude  of  energy 
transferred  to  the  base  material.  Thus,  the  base  material  and  moment  activator  should  be  appropriately  selected  so  as 
to  provide  the  largest  possible  amount  of  dipole  moment,  considering  the  expected  temperature  and  magnitude  of 
energy. 
[0445]  A  filler  such  as  mica  scales,  glass  pieces,  glass  fibers,  carbon  fibers,  calcium  carbonate,  barite,  or  precipitated 
barium  sulfate  can  be  additionally  blended  in  the  base  material  to  increase  the  mechanical  strength  of  the  piezoelectric 
material  or  to  reduce  the  cost  of  the  product.  Preferably,  1  0  to  80  %  by  weight  of  a  filler  is  blended  in  the  base  material. 
If  less  than  1  0  %  by  weight  is  blended,  the  addition  of  the  filler  will  not  sufficiently  improve  the  strength,  whereas  if  more 
than  80  %  by  weight  is  blended,  it  will  not  be  actually  blended  in  the  base  material  and  will  reduce  the  strength  of  the 
piezoelectric  product. 
[0446]  The  piezoelectric  material  or  product  of  the  invention  can  be  manufactured  by  mixing  such  a  base  material  and 
moment  activator,  and  optionally  a  filler,  dispersant,  or  thickener  as  desired,  and  dispersing  and  mixing  the  mixture 
using  a  conventional  melting  and  mixing  apparatus  such  as  a  dissolver,  Banbury  mixer,  planetary  mixer,  grain  mill,  open 
kneader,  or  vacuum  kneader. 
[0447]  As  described  above,  the  moment  activator  is  mixed  in  the  base  material  to  significantly  promote  dipole  moment 
to  provide  an  excellent  piezoelectric  property.  The  magnitude  of  dipole  moment  in  the  piezoelectric  material  containing 
a  moment  activator  is  represented  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  shown  in  Fig.  4.  That 
is,  the  amount  of  dipole  moment  increases  as  the  difference  in  dielectric  constant  (  e  ')  between  A  and  B  increases. 
[0448]  Fig.  4  is  a  graph  showing  a  relationship  between  the  dielectric  constant  (e')  and  the  dielectric  loss  factor  (  e  "). 
The  relationship  between  the  dielectric  constant  (  e  ')  and  the  dielectric  loss  factor  (  e  ")  is  given  as  follows: 
Dielectric  Loss  Factor  (  e  ")  =  Dielectric  Constant  (  e  ')  x  Dielectric  Loss  Tangent  (tan  5)  . 
[0449]  Through  research  on  piezoelectric  materials,  the  inventors  have  found  that  the  energy  absorption  capability  or 
piezoelectric  capacity  can  be  improved  by  increasing  the  dielectric  loss  factor  (  e  "). 
[0450]  The  inventors  have  also  found  that  the  piezoelectric  material  of  the  present  invention  provides  an  excellent  pie- 
zoelectric  property  when  the  dielectric  loss  factor  is  50  or  larger  at  the  frequency  of  1  10  Hz. 
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EMBODIMENT 

[0451  ]  Various  embodiments  of  the  present  invention  are  provided  below,  along  with  conventional  comparative  exam- 
ples  or  comparisons,  embodying  vibration  dampers,  sound  absorbers,  impact  absorbers,  electromagnetic  wave  damp- 
ers,  vibration  shields,  and  piezoelectric  materials,  prepared  from  the  energy  conversion  composition  of  the  present 
invention. 
[0452]  First,  embodiments  of  the  vibration  damper  of  the  present  invention  are  explained.  Sample  sheets  1  mm  thick 
were  prepared  from  0  part  by  weight  of  DCHBSA  in  100  parts  by  weight  of  acrylic  rubber  (AR-15,  Japan  Zeon  Corpo- 
ration)  as  Comparison  1.10  parts  by  weight  of  DCHBSA  was  blended  in  100  parts  by  weight  of  said  acrylic  rubber  as 
Embodiment  1  .  They  were  made  into  sheets  with  kneading  roll  means  set  at  160°C. 
[0453]  The  sheets  obtained  according  to  Embodiment  1  and  Comparison  1  were  measured  for  elastic  tangent  (tan  5) 
at  various  temperatures. 

The  measurements  of  elastic  tangent  (tan  5)  were  provided  using  Reovibron  DDV-25FP  (Orientech  Inc.).  The 
results  are  shown  in  Fig.  5. 
[0454]  Next,  0  pat  by  weight  (Comparison  2),  10  parts  by  weight  (Embodiment  2),  30  parts  by  weight  (Embodiment 
3),  50  parts  by  weight  (Embodiment  4),  and  70  parts  by  weight  (Embodiment  5)  of  DCHBSA  were  respectively  mixed 
with  NBR  (202S  (35  %  by  weight  nitrile)  manufactured  by  Japan  Synthetic  Rubber  Inc.)  to  provide  sample  sheets  in  the 
same  manner  as  for  Embodiment  1  . 
[0455]  The  sheets  according  to  Embodiments  2  to  5  and  Comparison  2  were  measured  for  elastic  tangent  (tan  5)  at 
various  temperatures  in  the  same  manner  as  for  Embodiment  1  .  The  results  are  shown  in  Fig.  6. 
[0456]  Next,  0  part  by  weight  (Comparison  3),  20  parts  by  weight  (Embodiment  6),  30  parts  by  weight  (Embodiment 
7),  40  parts  by  weight  (Embodiment  8),  and  50  parts  by  weight  (Embodiment  9)  of  DCHBSA  were  respectively  mixed 
with  NBR  (DN401  (15%  by  weight  nitrile)  manufactured  by  Japan  Zeon  Inc.)  to  provide  sample  sheets  in  the  same  man- 
ner  as  for  Embodiment  1  . 
[0457]  The  sheets  according  to  Embodiments  6  to  9  and  Comparison  3  were  measured  for  elastic  tangent  (tand)  at 
various  temperatures  in  the  same  manner  as  for  Embodiment  1  .  The  results  are  shown  in  Fig.  7. 

Next,  0  part  by  weight  (Comparison  4),  30  parts  by  weight  (Embodiment  10),  50  parts  by  weight  (Embodiment 
11),  and  100  parts  by  weight  (Embodiment  12)  of  DCHBSA  were  respectively  mixed  with  chlorinated  polyethylene 
(Elasrene  352NA  manufactured  by  Showa  Denko  Inc.)  to  provide  sample  sheets  in  the  same  manner  as  for  Embodi- 
ment  1  . 
[0458]  The  sheets  according  to  Embodiments  10  to  12  and  Comparison  4  were  measured  for  elastic  tangent  (tan  5) 
at  various  temperatures  in  the  same  manner  as  for  Embodiment  1  .  The  results  are  shown  in  Fig.  8. 
[0459]  Next,  0  part  by  weight  (Comparison  5),  20  parts  by  weight  (Comparison  6),  30  parts  by  weight  (Comparison 
7),  40  parts  by  weight  (Comparison  8),  and  50  parts  by  weight  (Comparison  9)  of  DCHBSA  were  respectively  mixed 
with  isoprene  rubber  (2200  manufactured  by  Japan  Zeon  Inc.)  to  provide  sample  sheets  in  the  same  manner  as  for 
Embodiment  1  . 
[0460]  The  sheets  according  to  Comparisons  5  to  9  were  measured  for  elastic  tangent  (tan  5)  at  various  temperatures 
in  the  same  manner  as  for  Embodiment  1  .  The  results  are  shown  in  Fig.  9. 
[0461  ]  As  is  apparent  from  Figs.  5  to  9,  the  vibration  damping  levels  of  the  sample  sheets  according  to  Embodiments 
1  to  1  2  significantly  increased  as  compared  with  the  elastic  tangents  (tan  5)  of  the  sample  sheets  according  to  Compar- 
isons  1  to  4.  The  peaks  of  the  elastic  tangents  (tan  5)  of  the  sample  sheets  according  to  Embodiments  1  to  12  all  fall 
near  the  normal  temperature  zone,  indicating  that  these  materials  have  an  excellent  vibration-energy  absorption  capa- 
bility  in  the  operation  temperature  region.  In  particular,  the  sheet  according  to  Embodiment  1  has  an  elastic  tangent  (tan 
5)  of  more  than  3  near  20°C,  indicating  that  this  sheet  is  practically  very  useful. 
[0462]  Isoprene  rubber  (non-polarity  polymer)  with  or  without  DCHBSA  according  to  Comparisons  5  to  9  did  not  show 
improvement  as  seen  from  the  respective  elastic  tangents  (tan  5). 
[0463]  Next,  embodiments  of  an  unconstrained  vibration  damper  of  the  present  invention  are  explained.  65.0  parts  by 
weight  of  mica  scales  (Clarite  Mica  30C  manufactured  by  Kurare  Co.,  Ltd.),  13.0  parts  by  weight  of  DCHP,  and  13.0 
parts  by  weight  of  DCHBSA  were  mixed  with  9  parts  by  weight  of  polyvinyl  chloride,  and  the  mixture  was  fed  and 
kneaded  in  roll  means  set  at  160°C.  The  kneaded  mixture  was  then  sandwiched  between  molds  and  heated  at  180°C 
for  1  80  seconds.  It  was  then  pressed  at  80  kgf/cm2  for  30  seconds  with  press  means  to  provide  a  sheet  1  mm  thick.  The 
sheet  was  cut  into  test  pieces  of  67  mm  x  9  mm  (Embodiment  13)  for  the  measurement  of  loss  factor. 
[0464]  65.0  parts  by  weight  of  mica  scales  (Clarite  Mica  30C),  1  0.4  parts  by  weight  of  DCHP,  1  0.4  parts  by  weight  of 
DCHBSA,  and  5.2  parts  by  weight  of  ECDPA  were  mixed  with  9  parts  by  weight  of  polyvinyl  chloride  to  prepare  test 
pieces  (Embodiment  14)  in  the  same  manner  as  for  Embodiment  1  . 
[0465]  50.0  parts  by  weight  of  mica  scales  (Clarite  Mica  30C)  was  added  to  50  parts  by  weight  of  polyvinyl  chloride 
with  a  DOP  addition  to  prepare  test  pieces  (Comparison  10)  in  the  same  manner  as  for  Embodiment  1  . 
[0466]  The  test  pieces  according  to  Embodiments  13  and  14  and  Comparison  10  were  measured  for  dielectric  loss 
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factor  (  e  "),  loss  factor  (  ri  ),  and  elastic  tangent  (tan  5).  The  loss  factor  (  ri  )  and  elastic  tangent  (tan  5)  were  measured 
with  a  dynamic  viscoelasticity  measuring  and  testing  apparatus  (Reovibron  DDV-25FP)  and  the  dielectric  loss  factor  (  e 
")  was  measured  using  Impedance/Gain  Phase  Analyzer  4194A  (Yokokawa  Hewlett  Packard,  Inc).  Table  1  shows  the 
results  of  the  measurements  of  the  dielectric  tangent  (tan  5),  dielectric  constant  (  e  '),  and  dielectric  loss  factor  (  e  ")  of 
each  test  piece,  and  Fig.  10  shows  the  results  of  the  measurements  of  the  loss  factor  (  ri  ). 

TABLE  1 

Test  Piece  Dielectric  Tangent  (tan  5)  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  1  4.80  18.84  90.41 

Embodiment  2  4.42  17.97  79.43 

Comparison  2.78  11.29  31.39 

[0467]  Table  1  and  Fig.  1  0  show  that  the  test  pieces  according  to  Embodiments  1  3  and  1  4  exhibited  a  good  vibration- 
energy  absorption  capability,  that  is,  a  loss  factor  (  ri  )  about  five  to  seven  times  as  high  as  that  of  Comparison  1  0,  indi- 
cating  that  the  vibration-energy  absorption  capability  of  the  unconstrained  damping  material  according  to  this  invention 
is  far  superior  to  that  of  the  conventional  unconstrained  damping  materials.  Embodiments  were  comparable  to  con- 
strained  conventional  damping  materials.  In  addition,  the  dielectric  loss  factors  (  e  ")  of  the  test  pieces  according  to 
Embodiments  14  and  13  exceeded  50. 
[0468]  Next,  embodiments  for  the  vibration  damping  paint  of  the  present  invention  are  explained.  Damping  paints 
each  containing  a  moment  activator  were  each  deposited  on  substrates  (Table  2).  Vibration  damping  layers  formed  on 
the  substrates  were  respectively  measured  for  dielectric  loss  factor  (  e  "),  loss  factor  (  ri  ),  and  loss  tangent  (tan  5). 

The  dielectric  loss  factor  (  e  "),  loss  factor  (h)  and  elastic  tangent  (tan  5)  were  measured  using  the  dynamic  vis- 
coelasticity  measuring  and  testing  apparatus  (Reovibron  DDV-25FP)  and  the  dielectric  loss  factor  (  e  ")  was  measured 
with  Impedance/Gain  Phase  Analyzer  4194A  (Yokokawa  Hewlett  Packard,  Inc). 

TABLE  2 

Damping  Layer  Ratio  Temperature  20°C 

ri  Tan  5  Dielectric  Loss  Factor  (  e  ") 
EC818/DCHBSA  10/0  0.064  0.062  33.19 

9/1  0.061  0.069  32.55 

(200HK  71  .7wt%)  8/2  0.072  0.085  40.26 

7/3  0.139  0.124  46.70 

6/4  0.107  0.111  43.03 

5/5  0.115  0.097  59.62 

EC818/2HPMMB  9/1  0.070  0.050  34.44 

7/3  0.055  0.045  23.62 

(200HK  71  .7wt%)  5/5  0.063  0.045  28.65 

VN168/DCHBSA  10/0  0.036  0.021  24.31 

9/1  0.050  0.100  13.57 

(200HN  71  .7wt%)  7/3  0.025  0.041  9.80 

5/5  -  - 
VN168/2HPMMB  9/1  0.035  0.040  22.38 

7/3  0.030  0.021  13.24 

(200HK  71  .7wt%)  5/5  0.025  0.021  9.46 
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[0469]  In  Table  2,  EC818  is  an  acryli  c  paint  material  manufactured  by  Dainippon  Ink  Chemical  Industry,  Inc.  (50% 
nonvolatile  component).  VN-168  is  vinyl  acetate/acrylic  copolymer  manufactured  by  Dainippon  Ink  Chemical  Industry, 
Inc.  (44.0  to  46.0%  of  nonvolatile  component),  and  200HK  is  mica  scales  manufactured  by  Kurare  Co.,  Ltd. 
[0470]  Next,  the  moment  activators  and  mica  scales  shown  in  Table  3  were  mixed  in  EC818  and  VN-168  to  produce 
vibration  damping  paints,  which  were  respectively  deposited  on  substrates.  Vibration  damping  layers  were  formed  on 
the  substrates  and  measured  for  loss  factor  (  ri  ).  The  results  are  given  in  Figs.  1  1  to  14.  The  loss  factor  (  ri  )  was  meas- 
ured  using  the  dynamic  viscoelasticity  measuring  and  testing  apparatus  (Reovibron  DDV-25FP) 

TABLE  3 

Sample  No.  Damping  Layer  (%  by  weight)  (paint  material/moment  activator/filler) 
1  EC818/DCHBSA/Mica  scales  (200HK)  (28.3/0/71  .7) 
2  EC818/DCHBSA/Mica  scales  (200HK)  (25.5/2.8/71  .7) 
3  EC818/DCHBSA/Mica  scales  (200HK)  (22.6/5.7/71  .7) 
4  EC818/DCHBSA/Mica  scales  (200HK)  (19.8/8.5/71  .7) 
5  EC818/DCHBSA/Mica  scales  (200HK)  (17.0/11.3/71.7) 
6  EC818/DCHBSA/Mica  scales  (200HK)  (14.15/14.15/71.7) 
7  EC818/2HPMMB/lvlica  scales  (200HK)  (28.3/0/71  .7) 
8  EC818/2HPMMB/lvlica  scales  (200HK)  (25.5/2.8/71  .7) 
9  EC818/2HPMMB/lvlica  scales  (200HK)  (19.8/8.5/71  .7) 

10  EC818/2HPMMB/lvlica  scales  (200HK)  (14.15/14.15/71.7) 
1  1  VN168/DCHBSA/Mica  scales  (200HK)  (28.3/0/71  .7) 
12  VN168/DCHBSA/Mica  scales  (200HK)  (25.5/2.8/71  .7) 
13  VN168/DCHBSA/Mica  scales  (200HK)  (19.8/8.5/71.7) 
14  VN168/2HPMMB/lvlica  scales  (200HK)  (28.3/0/71  .7) 
15  VN168/2HPMMB/lvlica  scales  (200HK)  (25.5/2.8/71  .7) 
16  VN168/2HPMMB/lvlica  scales  (200HK)  (19.8/8.5/71  .7) 
17  VN168/2HPMMB/lvlica  scales  (200HK)  (14.15/14.15/71.7) 

[0471]  In  the  following  are  given  embodiments  of  the  sound  absorptive  material  of  the  present  invention  as  shown  in 
Figs.  15  to  17.  Fig.  15  shows  a  sound  absorptive  sheet  30  formed  by  adding  100  parts  by  weight  of  DCHBSA  to  a  vinyl 
chloride  resin  and  processing  the  mixture  into  a  sheet  1  mm  thick.  Fig.  16  shows  a  sound  absorptive  sheet  40  formed 
by  adding  100  parts  by  weight  of  DCHBBSA  to  a  vinyl  chloride  resin,  spinning  the  mixture  to  prepare  sound  absorptive 
short  fibers  41  to  be  incorporated  into  a  sheet.  Fig.  17  shows  an  open-cell  foam  polyurethane  molding  50  with  an  addi- 
tion  of  100  parts  by  weight  of  DCHBSA. 
[0472]  Fig.  18  shows  a  sound  absorptive  sheet  30  of  Fig.  15  disposed  in  a  conventional  sound  absorber  60  compris- 
ing  glass  fibers  61  .  It  was  possible  with  the  present  invention  to  make  the  sound  absorber  60  very  thin  and  to  still  damp 
low-frequency  sound  of  500  Hz  or  less,  which  was  not  possible  with  a  conventional  noise  damping  material. 
[0473]  Fig.  19  shows  sound  absorption  fibers  41  contained  in  an  open  cell  foam  polyurethane  molding.  Figs.  20  and 
21  respectively  show  a  sheet  of  paper  70  and  a  fabric  80  comprising  the  sound  absorptive  fibers  41  . 

They  provide  an  excellent  sound  absorption  capability  and  can  be  advantageously  used  as  wall  or  floor  materi- 
als. 
[0474]  The  sound  absorptive  materials  with  and  without  a  moment  activator  in  the  resin  matrix  were  tested.  Table  4 
shows  the  results. 
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TABLE  4 

No.  Sample  Mixing  Ratio  %  by  weight  Dynamic  Tan  5  23°C 

1  Chlorinated  PE+DCHBSA  50/50  3.2 

2  PVC+PVC(DOP)+NBR+DCHP+  Calcium  Carbonate  12/32/6/30/20  2.0 

3  PVC(DOP)+NBR+  Calcium  Carbonate  68/12/20  0.6 

4  PVC  100  0.01 

[0475]  These  samples  were  measured  for  the  sound  absorption  coefficient  using  a  vertical-incident-sound  absorption 
coefficient  measuring  apparatus  manufactured  by  B  &  K  Inc.  (JIS  No.  A1405).  The  results  are  shown  in  Figs.  22  (Sam- 
ple  1),  23  (Sample  2),  24  (Sample  3),  and  25  (Sample  4).  Each  sample  had  029  and  was  200  urn  thick  having  a  20  mm 
air  layer  behind. 
[0476]  Figs.  22  to  25  show  that  the  sound  absorption  coefficient  of  Sample  4  consisting  of  only  PVC  was  0.1  to  0.3 
between  1  ,000  Hz  to  4,000  Hz  while  it  was  much  lower  than  0.1  in  the  low  frequency  region  of  1  ,000  Hz  or  less,  indi- 
cating  that  this  sample  does  not  sufficiently  absorb  sound  energy.  Sample  3,  which  contained  no  moment  activator, 
exhibited  a  maximum  sound  absorption  coefficient  of  0.5  between  1,000  Hz  and  2,000  Hz,  which  is  somewhat  higher 
than  that  of  Sample  4  but  also  indicates  that  the  energy  absorption  coefficient  of  Sample  3  is  insufficient  below  1  ,000 
Hz. 
[0477]  On  the  contrary,  Samples  1  and  2  exhibited  a  sound  absorption  coefficient  of  more  than  0.3  between  about 
400  Hz  and  about  1  ,200  Hz,  and  it  is  noteworthy  that  Sample  1  had  a  maximum  sound  absorption  coefficient  of  more 
than  0.9  and  that  Sample  2  had  a  maximum  sound  absorption  coefficient  of  more  than  0.8. 
[0478]  In  addition,  the  dynamic  tand  of  each  sample  shown  in  Table  4  and  the  sound  absorption  coefficient  shown  in 
Figs.  22  to  25  show  that  the  sound  absorption  coefficient  increases  as  the  dynamic  tand  increases. 
[0479]  Next,  embodiments  of  the  sound  absorptive  sheet  of  the  present  invention  are  explained.  Paper  (Tsumikusa 
paper  P100-35;  12  g/m2)  provided  fibrous  sound  absorptive  sheets  (136  g/m2;  24  g/m2  polymer),  by  means  of  immers- 
ing  the  paper  in  an  emulsion  of  a  polymer  material  comprising  1  00  parts  by  weight  of  DCHBSA  and  1  00  parts  by  weight 
of  chlorinated  polyethylene,  and  drying  same  (Embodiment  15). 
[0480]  The  fibrous  sheet  of  Embodiment  1  5  was  also  used  as  Comparison  1  1  . 
[0481  ]  Japan  paper  of  32  g/m2  was  used  to  provide  fibrous  sound  absorptive  sheets  (73  g/m2;  41  g/m2)  by  means  of 
immersing  the  paper  in  an  emulsion  of  a  polymer  material  comprising  100  parts  by  weight  of  DCHBSA  and  100  parts 
by  weight  of  chlorinated  polyethylene,  and  drying  same  (Embodiment  16). 
[0482]  The  fibrous  sheet  of  Embodiment  1  6  was  also  used  as  Comparison  1  2. 
[0483]  Silk  fabric  of  36  g/m2  was  used  to  provide  fibrous  sound  absorptive  sheets  (204  g/m2;  168  g/m2  polymer)  by 
means  of  immersing  the  fabric  in  an  emulsion  of  a  polymer  material  comprising  100  parts  by  weight  of  DCHBSA  and 
100  parts  by  weight  of  chlorinated  polyethylene,  and  drying  same  (Embodiment  17). 
[0484]  The  fibrous  sheet  of  Embodiment  1  7  was  also  used  as  Comparison  1  3. 
[0485]  The  sound  absorptive  sheets  according  to  Embodiments  1  5  to  1  7  and  Comparisons  11  to  1  3  were  measured 
for  dynamic  loss  tangent  (tan  5),  dielectric  tangent  (tan  5),  dielectric  loss  factor  (  e  ")  and  dielectric  constant  (  e  '). 
The  results  are  shown  in  Table  5  and  Fig.  26. 

TABLE  5 

Sound  Absorptive  Sheet  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  15  5.43  1.86  10.11 

Embodiment  16  5.1  1.4  7.3 

Embodiments  5.1  4.4  22.4 

Comparison  1  1  4.57  0.22  0.99 

Comparison  12  2.7  1.22  3.3 

Comparison  13  4.1  1.7  6.95 
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[0486]  These  sound  absorptive  sheets  were  measured  for  sound  absorption  coefficient  using  the  vertical-incident- 
sound  absorptive  coefficient  measuring  apparatus  manufactured  by  B  &  K  Inc.  (JIS  No.  A1405). 

The  results  are  shown  in  Figs.  27  (Embodiment  15  and  Comparison  1  1),  28  (Embodiment  16  and  Comparison 
12),  and  29  (Embodiment  17  and  Comparison  13).  Each  sample  had  029  and  was  200  urn  thick  having  a  20  mm  air 
layer  behind. 
[0487]  Next,  embodiments  of  the  foam  sound  absorptive  material  of  the  present  invention  are  explained.  DCHBSA 
was  mixed  in  liquid  A  (Polyol  MP-923  manufactured  by  Mitsui  Toatsu  Chemical,  Inc.). 

The  mixture  was  kneaded  for  five  minutes  using  ceramic  triple  roller  means. 
Liquid  B  (Cosmonate  MC-71  manufactured  by  Mitsui  Toatsu  Chemical,  Inc.)  was  added  to  the  kneaded  mixture 

and  stirred  at  a  high  speed  for  ten  seconds  and  then  fed  in  a  pipe  100  mm  in  diameter  for  foaming  (room  temperature). 
A  cover  was  attached  on  the  upper  opening  of  the  pipe  to  prevent  the  mixture  from  foaming  over  the  volume  of  the  pipe. 
[0488]  Liquids  A  and  B  were  mixed  at  the  weight  ratio  of  1  00  to  47. 

The  mixture  of  100  parts  by  weight  was  respectively  blended  with  30  parts  by  weight  (Embodiment  18),  50  parts 
by  weight  (Embodiment  19),  and  100  parts  by  weight  (Embodiment  20)  of  DCHBSA  to  provide  three  types  of  mixtures. 
They  were  adjusted  to  provide  an  expansion  rate  of  20  times  the  pipe  volume. 
[0489]  The  foamed  moldings  were  cut  into  test  pieces  20  mm  thick.  A  test  piece  containing  no  DCHBSA  was  also 
prepared  as  Comparison  1  4. 
[0490]  The  sound  absorptive  sheets  according  to  Embodiments  1  8  to  20  and  Comparison  1  4  were  measured  for  die- 
lectric  tangent  (tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  6. 

TABLE  6 

Sound  Absorptive  Mate-  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
rial 

Embodiment  18  0.98  9.91  9.71 

Embodiment  19  1.11  11.40  12.66 

Embodiment  20  1.58  24.77  39.10 

Comparison  14  0.81  6.68  5.41 

[0491  ]  These  test  pieces  were  measured  for  sound  absorption  coefficient  using  the  vertical-incident-sound  absorption 
coefficient  measuring  apparatus  manufactured  by  B  &  K  Inc.  (JIS  No.  A1405).  The  results  are  shown  in  Fig.  30. 
[0492]  Fig.  30  shows  that  when  the  frequency  was  lower  than  2,000  Hz,  the  sound  absorption  coefficient  of  Compar- 
ison  1  4  rapidly  decreased  to  half  the  coefficient  between  1  ,000  Hz  and  2,000  Hz.  The  figure  also  shows  that  the  sound 
absorption  coefficient  increased  as  the  mixing  amount  of  DCHBSA  increased  (Embodiment  18  to  20).  In  particular, 
between  1  ,000  Hz  and  2,000  Hz,  the  sound  absorption  coefficient  of  Embodiment  3  was  unexpectedly  high,  twice  to  2.5 
times  that  of  Comparison  1  4. 
[0493]  Next,  embodiments  of  the  sound  absorptive  fibers  of  the  present  invention  are  explained.  DCHBSA  was  mixed 
in  chlorinated  polyethylene  and  the  mixture  as  a  fibrous  material  was  fed  in  extrusion-spinning  means.  The  mixing  ratios 
(parts  by  weight)  of  chlorinated  polyethylene  to  DCHBSA  were  100  to  0  (Comparison  15)  and  100  to  100  (Embodiment 
21). 

The  diameter  of  a  screw  blade  of  the  spinning  machine  was  25  mm,  and  the  diameter  of  a  nozzle  was  1  mm.  The 
temperature  of  the  nozzle  was  1  30°C.  The  extruded  fibers  were  drawn  to  provide  the  diameter  of  0.4  mm  and  then  cut 
to  40  mm  long  pieces. 
[0494]  These  fibers  were  immersed  and  stirred  in  a  container  containing  a  water  solution  of  1%  polyvinyl  alcohol,  and 
when  the  solution  became  uniform,  the  water  solution  was  drained  and  a  3-D  test  piece  (non-woven  cloth)  of  polyvinyl 
alcohol  fabric  was  obtained  on  the  mesh  at  the  bottom  of  the  container. 
[0495]  The  test  pieces  of  Embodiment  21  and  Comparison  1  5  were  measured  for  dielectric  tangent  (tan  5),  dielectric 
loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  7. 

TABLE  7 

Test  Piece  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  21  1.71  25.31  43.28 

37 



EP  0  897  675  A1 

TABLE  7  (continued) 
Test  Piece  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 

Comparison  15  0.62  6.38  3.96 

[0496]  These  test  pieces  were  measured  for  sound  absorption  coefficient. 
The  results  are  shown  in  Fig.  31.  The  sound  absorption  coefficient  was  measured  using  the  vertical-incident- 

sound  absorption  coefficient  measuring  apparatus  manufactured  by  B  &  K  Inc.  (JIS  No.  A1405).  Each  test  piece  had  a 
thickness  of  20  mm  and  029  mm  or  0100  mm. 
[0497]  Fig.  31  shows  that  the  sound  absorption  coefficient  of  the  test  piece  according  to  Embodiment  21  consisting 
of  sound  absorptive  fibers  which  comprise  chlorinated  polyethylene  and  DCHBS  as  a  moment  activator  is  2  to  35  % 
higher  than  that  of  the  test  piece  of  Comparison  15  consisting  of  sound  absorptive  fibers  which  comprise  chlorinated 
polyethylene  without  DCHBSA.  There  is  a  large  difference  between  2,000  Hz  and  6,300  Hz.  This  clearly  shows  that  the 
mixture  of  DCHBSA  significantly  improves  the  sound  absorption  capability. 
[0498]  Next,  embodiments  of  the  impact  absorptive  material  of  the  present  invention  are  explained.  Fig.  32  shows  a 
shoe  90  where  a  bottom  surface  91  and  a  kneel  portion  92  are  formed  by  means  of  adding  100  parts  by  weight  of  DCH- 
BSA  to  a  vinyl  chloride  resin.  The  shoe  90  whose  bottom  surface  91  and  kneel  portion  92  are  composed  of  the  impact 
absorptive  material  of  the  invention  provides  excellent  impact  absorption  and  can  reduces  fatigue  of  the  wearer  from  a 
long  walk. 
[0499]  Fig.  33  shows  a  plaster  cast  100  comprising  a  non-woven  cloth  layer  102  consisting  of  fibers  101  formed  by 
spinning  a  vinyl  chloride  resin  where  1  00  parts  by  weight  of  DCHBSA  was  added.  When  a  force  is  applied  onto  the  plas- 
ter  cast  100,  the  energy  is  absorbed  by  impact  absorptive  fibers  101  which  provide  the  non  woven  cloth  layer  102, 
thereby  reliably  protecting  the  wearer's  body  portion  from  the  impact. 
[0500]  Figs.  34  and  35  respectively  show  a  top  cover  of  a  saddle  110  and  a  handle  grip  120  of  a  bicycle.  The  base 
material  which  can  magnificently  damp  shocks  was  provided  by  means  of  adding  100  parts  by  weight  of  DCHBSA  to  a 
vinyl  chloride  resin  and  molding  the  mixture. 
[0501]  Next,  embodiments  of  another  impact  absorptive  material  of  the  invention  are  explained.  One  hundred  parts 
by  weight  of  DCHBSA  was  mixed  in  100  parts  by  weight  of  chlorinated  polyethylene  and  the  mixture  was  molded  into 
cylinders  with  a  diameter  of  29.0  mm  and  thickness  of  2,  3,  5,  6,  and  12.7  mm  (Embodiment  22). 
[0502]  Urethane  was  used  instead  of  chlorinated  polyethylene,  and  as  for  Embodiment  1  six  cylinders  with  different 
diameters  without  DCHBSA  were  prepared  as  Comparison  1  6.  NBR  was  used  instead  of  chlorinated  polyethylene,  and 
as  for  Embodiment  22  six  cylinders  with  different  diameters  without  DCHBSA  were  prepared  as  Comparison  17.  BR 
was  used  instead  of  chlorinated  polyethylene  and  as  for  Embodiment  22  six  cylinders  with  different  diameters  without 
DCHBSA  were  prepared  as  Comparison  18.  Acrylic  resin  was  used  instead  of  chlorinated  polyethylene,  and  as  for 
Embodiment  22  six  cylinders  with  different  diameters  without  DCHBSA  were  prepared  as  Comparison  19.  Sorbosein 
was  used  instead  of  chlorinated  polyethylene,  and  as  for  Embodiment  22  six  cylinders  with  different  diameters  without 
DCHBSA  were  prepared  as  Comparison  20.  Each  of  these  samples  was  measured  for  impact  resilience  in  accordance 
with  the  impact  resilience  test  specified  in  JIS  K6301-1975.  The  results  are  shown  in  Fig.  36. 
[0503]  The  test  apparatus  shown  in  Figs.  37  to  40  was  used  to  measure  the  impact  resilience.  An  iron  bar  was  hori- 
zontally  suspended  with  4  hanging  threads,  and  its  impact  end  was  shaped  semi-spherical  with  a  diameter  of  12.7  mm, 
the  other  end  providing  a  pointer.  The  iron  bar  had  a  length  of  about  356  mm,  diameter  of  12.7  mm,  and  weight  of  350  g 

The  suspension  height  of  the  iron  bar  was  2,000  mm  and  the  drop  height  was  100  mm. 
[0504]  The  measurement  scale  of  the  testing  apparatus  had  a  horizontal  length  of  625  mm  and  the  radius  of  2,000 
mm.  The  pointer  was  adjusted  so  that  when  the  iron  bar  was  suspended  it  was  placed  at  zero  with  its  impact  end  con- 
tacting  the  surface  of  the  test  piece. 
[0505]  As  shown  in  Fig.  36,  the  impact  resilience  of  the  impact  absorptive  material  according  to  Embodiment  22  was 
as  low  as  about  2%,  whereas  the  impact  resilience  of  the  impact  absorptive  material  according  to  Comparison  20  was 
about  8  to  18%.  The  impact  resilience  of  the  impact  absorptive  materials  according  to  Comparisons  16  to  19  was  as 
high  as  about  30  to  55%,  indicating  that  these  materials  did  not  provide  sufficient  impact  absorption.  Since  the  results 
of  the  tests  show  that  the  impact  absorptive  material  of  Embodiment  22  can  provide  excellent  impact  absorption  regard- 
less  of  its  thickness,  the  material  can  be  practically  used  in  varied  applications. 
[0506]  Next,  6  samples  were  prepared  similarly  with  Embodiment  22  except  that  70  parts  by  weight  for  Embodiment 
23,  50  parts  by  weight  for  Embodiment  24,  30  parts  by  weight  for  Embodiment  25,  and  0  part  by  weight  for  Comparison 
21  of  DCHBSA  were  blended  within  the  samples. 

Each  sample  was  measured  for  impact  resilience  as  for  Embodiment  1  .  The  results  are  shown  in  Fig.  41  together 
with  the  results  of  the  measurement  of  the  sample  of  Embodiment  22. 
[0507]  As  shown  in  Fig.  41  ,  the  impact  absorptive  material  according  to  Comparison  21  containing  no  DCHBSA  had 
an  impact  resilience  of  about  13  to  26%,  whereas  the  impact  absorptive  material  according  to  Embodiment  25  had  an 
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impact  resilience  of  about  6  to  17%.  The  impact  absorptive  material  according  to  Embodiment  24  had  an  impact  resil- 
ience  of  about  4  to  1  1%,  the  impact  absorptive  material  according  to  Embodiment  23  had  an  impact  resilience  of  about 
3  to  8%,  and  the  impact  absorptive  material  of  Embodiment  22  had  an  impact  resilience  of  about  2  to  3%,  indicating 
that  the  impact  damping  capability  improves  as  the  amount  of  DCHBSA  therein  increases.  The  capability  improves  from 
Embodiments  25  to  22  in  that  order  as  the  amount  of  DCHBSA  increases  in  the  same  order,  which  is  independent  of 
the  thickness  of  the  materials. 
[0508]  Next,  embodiments  of  the  impact  absorptive  material  according  to  this  invention  as  applied  onto  front  forks  are 
explained.  50  %  by  weight  of  DCHBSA  was  mixed  in  50  %  by  weight  of  chlorinated  polyurethane  (the  temperature  of 
the  sample  was  22°C)  and  the  mixture  was  molded  into  a  cylinder  having  a  diameter  of  28  mm  and  a  height  of  30  mm. 
The  cylinder  had  grooves  14b  in  its  circumference  as  shown  in  Fig.  42.  This  cylinder  was  used  as  an  impact  absorber 
(Embodiment  26). 
[0509]  An  impact  absorber  (Comparison  22)  was  formed  by  means  of  molding  as  for  Embodiment  26  except  that  an 
MCU  elastomer  (manufactured  by  TANGE  CORPORATION)  was  used. 
[051  0]  An  impact  absorber  (Comparison  23)  was  formed  by  means  of  molding  as  for  Embodiment  26  except  that  1  00 
%  by  weight  of  chlorinated  polyethylene  was  used. 
[051  1  ]  An  impact  absorber  (Comparison  24)  was  formed  by  means  of  molding  as  for  Embodiment  26  except  that  1  00 
%  by  weight  of  NBR  (hardness:  70°  )  was  used. 
[0512]  The  impact  absorbers  according  to  Embodiment  26  and  Comparison  22  to  24  were  measured  for  dielectric 
tangent  (tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  8. 

TABLE  8 

Impact  Absorber  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  26  23.5  9.0  211.7 

Comparison  22  1.8  0.9  1.62 

Comparison  23  17.1  3.4  58.14 

Comparison  24  8.6  1.3  11.18 

[051  3]  The  impact  absorbers  were  also  subjected  to  an  impact  absorption  test.  As  shown  in  Fig.  43,  the  test  was  con- 
ducted  by  installing  the  impact  absorbers  14  between  the  bottom  of  the  outer  tube  12  and  the  lower  end  of  the  inner 
tube  13,  and  dropping  a  12-kg  weight  onto  a  plate  24  on  the  outer  tube  12  from  a  height  of  50  mm.  A  vibration  pickup 
22  (NP-601)  attached  to  the  inner  tube  13  was  used  to  measure  the  impact.  An  FFT  analyzer  23  (Ono  Instrument  Inc.) 
was  used  to  amplify  the  signal  obtained.  The  results  are  shown  in  Fig.  44.  For  comparison,  a  front  fork  having  no  built- 
in  impact  absorber  was  also  tested  for  impact  absorption.  The  test  was  conducted  under  ambient  vibration  of  44.80  dB 
and  temperature  of  17°C.  The  results  of  50  tests  were  averaged. 
[0514]  As  is  apparent  from  Fig.  44,  the  vibration  acceleration  level  of  the  front  fork  having  no  impact  absorber  was  65 
to  70  dB,  whereas  the  front  fork  including  the  impact  absorber  according  to  Comparison  22  had  a  vibration  acceleration 
level  of  60  dB,  that  is,  5  to  1  0  dB  lower  than  that  of  the  front  fork  without  impact  absorber.  The  front  fork  having  the  built- 
in  impact  absorber  according  to  Comparison  24  which  comprises  NBR  as  its  base  material  exhibited  a  vibration  accel- 
eration  level  of  63  to  65  dB,  and  the  front  fork  having  the  built-in  impact  absorber  according  to  Comparison  23  which 
comprises  chlorinated  polyethylene  as  its  base  material  exhibited  a  vibration  acceleration  level  of  50  to  55  dB,  indicating 
that  the  impact  was  absorbed. 

Likewise,  the  front  fork  having  the  built-in  impact  absorber  according  to  Embodiment  26  which  comprises  chlo- 
rinated  polyethylene  as  its  base  material  and  DCHBSA  had  a  vibration  acceleration  level  of  45  to  50  dB,  that  is,  15  to 
20  dB  lower  than  the  front  fork  without  absorber  material  and  Comparison  22.  These  results  show  that  the  impact 
absorber  according  to  Embodiment  26  provides  excellent  impact  absorption,  which  is  unexpectedly  higher  than  those 
of  conventional  impact  absorptive  products. 
[0515]  Next,  embodiments  of  the  impact  absorptive  member  according  to  this  invention  as  applied  onto  a  grip  tape 
are  explained. 
[051  6]  50  %  by  weight  of  DCHBCA  was  mixed  in  50  %  by  weight  of  chlorinated  polyethylene  (the  temperature  of  the 
sample  was  22-C)  and  the  mixture  was  molded  into  a  grip  tape  1  mm  thick,  25  mm  wide,  and  1  ,200  mm  long  (Embod- 
iment  27). 
[051  7]  Another  grip  tape  was  prepared  as  Comparison  25  as  above  except  that  1  00  %  by  weight  of  chlorinated  poly- 
ethylene  was  used. 
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Conventional  Product  1 
A  grip  tape  wound  round  a  tennis  racket  grip  (Wilson  Inc.,  "Lady  Ultra") 

Conventional  Product  2 
"G-296"  manufactured  by  Dyack  Inc.  (NBR) 

Conventional  Product  3 
"Wet  Super  Grip"  (Yonex  Inc.) 

Conventional  Product  4 
"EXGRADE"  over-grip  (Prince  Inc.) 

Conventional  Product  5 
"Multi-Soft  Grip  Tape"  (Mizuno  Inc.) 

[0518]  The  grip  tapes  according  to  Embodiment  27,  Comparison  25,  and  Conventional  Products  1  to  5  were  meas- 
ured  for  dielectric  tangent  (tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table 
9. 

TABLE  9 

Grip  Tape  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  27  9.00  23.50  211.70 

Comparison  25  3.40  17.10  58.14 

Convention  1  1.30  8.60  11.18 

Convention  2  1.60  8.90  14.24 

Conventions  1.80  9.20  16.56 

Convention  4  2.00  9.10  18.20 

Convention  5  0.90  6.50  5.85 

[051  9]  The  grip  tapes  according  to  Embodiment  27,  Comparison  25,  and  Conventional  Products  1  to  5  were  subjected 
to  an  impact  absorption  test.  As  shown  in  Figs.  45  and  46,  a  tennis  racket  20  manufactured  by  Wilson  Inc.  ("Lady  Ultra"), 
having  a  grip  tape  wound  round  its  grip  end  was  placed  on  a  base  21  and  fixed  by  bolt  and  plate  means  22. 

A  vibration  acceleration  pickup  (NP-601)  24  connected  to  an  FFT  analyzer  (Ono  Instrument  Inc.)  23  was 
mounted  on  the  plate  22. 
[0520]  A  tennis  ball  25  was  dropped  onto  the  net  of  the  racket  20  from  a  height  of  1  m,  and  the  vibration  acceleration 
level  (dB)  was  measured  using  the  vibration  acceleration  pickup  24  to  provide  measurement  of  the  impact  vibration  gen- 
erated  on  the  plate  22.  The  FFT  analyzer  23  (Ono  Instrument  Inc.)  was  used  to  amplify  the  signal.  The  results  of  the 
measurement  are  shown  in  Fig.  47.  During  the  measurement,  the  temperature  was  20°C  and  the  ambient  vibration  was 
49.20  dB.  The  results  are  shown  in  Fig.  47  (average  of  50  measurements).  For  comparison,  a  grip  without  a  grip  tape 
was  prepared  and  also  subjected  to  an  impact  absorption  test. 
[0521]  As  is  apparent  from  Fig.  47,  the  vibration  acceleration  level  of  the  grip  end  without  a  tape  was  68  to  70  dB, 
whereas  the  vibration  acceleration  level  of  the  Conventional  Product  5  was  66  to  68  dB,  only  about  2  dB  lower  than  the 
grip  end  without  a  tape.  Conventional  Products  1  to  4  and  Comparison  25  exhibited  a  vibration  acceleration  level  of  60 
to  65  dB,  which  was  considerably  lower  than  that  of  the  grip  end  without  a  tape.  On  the  other  hand,  the  grip  end  accord- 
ing  to  Embodiment  27  exhibited  a  vibration  acceleration  level  of  56  to  57  dB,  which  was  11  to  14  dB  lower  than  that  of 
the  grip  end  without  a  tape,  indicating  that  Embodiment  27  has  an  excellent  impact  absorption  capability. 
[0522]  Next,  embodiments  of  the  impact  absorptive  material  according  to  this  invention  as  applied  onto  a  shoe  sole 
are  explained. 
[0523]  50  %  by  weight  of  DCHBSA  was  mixed  in  50  %  by  weight  of  chlorinated  polyethylene  (the  temperature  of  the 
sample  was  22°C)  and  the  mixture  was  molded  into  plates  1  mm  thick  (Embodiment  28),  3  mm  thick  (Embodiment  29), 
5  mm  thick  (Embodiment  30),  and  10  mm  thick  (Embodiment  31). 
[0524]  Additional  plates  1  mm  thick  (Comparison  26),  3  mm  thick  (comparison  27),  5  mm  thick  (Comparison  28),  and 
1  0  mm  thick  (Comparison  29)  were  also  prepared  as  for  the  Embodiments  except  that  1  00  %  by  weight  of  chlorinated 
polyethylene  was  used. 

Conventional  product  (heel  pad,  plate  4  mm  thick,  Impulse  Inc.)  (Comparison  30). 
Conventional  product  (gel,  plate  4  mm  thick,  Impulse  Inc.)  (Comparison  31). 
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Conventional  product  (air,  plate  10  mm  thick,  Impulse  Inc.)  (Comparison  32). 
Conventional  product  (sports  gel,  plate  3  mm  thick,  Wilson  Inc.)  (Comparison  33). 

[0525]  Those  impact  absorbers  according  to  Embodiment  28  and  Comparisons  26  and  30  to  33  were  measured  for 
dielectric  tangent  (tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  10. 

TABLE  10 

Impact  Absorber  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (e  ") 
Embodiment  28  9.0  23.50  211.70 

Comparison  26  3.4  17.10  58.14 

Comparison  30  0.5  1  .70  0.85 

Comparison  31  0.6  2.20  1.32 

Comparison  32  0.5  1  .30  0.65 

Comparison  33  1.1  1.90  2.09 

[0526]  The  impact  absorbers  according  to  Embodiments  28  to  31  and  Comparisons  26  to  33  were  subjected  to  an 
impact  absorption  test.  As  shown  in  Fig.  48,  the  test  was  conducted  by  placing  each  impact  absorber  1  on  a  base  20, 
dropping  a  12-kg  weight  21  onto  the  base  20  from  a  height  of  250  mm,  using  a  vibration  pickup  23  (NP-601)  connected 
to  the  weight  21  to  measure  the  impact  acceleration  level  (dB),  and  using  an  FFT  analyzer  22  (Ono  Instrument  Inc.)  to 
amplify  the  signal.  The  results  of  the  test  are  shown  in  Fig.  49.  During  the  measurement,  the  temperature  was  20°C  and 
the  ambient  vibration  was  49.56  dB.  The.  results  are  shown  in  Fig.  49  as  the  average  of  50  measurements.  For  com- 
parison,  a  shoe  sole  without  any  impact  absorber  was  also  prepared  and  subjected  to  an  impact  absorption  test. 
[0527]  As  is  apparent  from  Fig.  49,  the  vibration  acceleration  level  of  the  device  without  an  impact  absorber  was  about 
73  dB,  and  the  impact  absorption  capability  of  the  Comparisons  was  gradually  improved  as  the  thickness  of  the  impact 
absorbers  increased.  The  vibration  acceleration  level  of  Comparison  26  comprising  chlorinated  polyethylene  as  its  base 
material  was  80  dB.  The  levels  were  respectively  69,  65  and  61  dB  from  Comparisons  27  to  29.  In  addition,  Compari- 
sons  30  to  33  all  exhibited  a  vibration  level  of  55  to  65  dB,  whereas  the  damping  capability  increased  from  Embodiment 
29  to  Embodiment  31  where  the  thickness  increases  in  this  order,  with  an  exception  of  Embodiment  1  whose  thickness 
is  1  mm.  In  particular,  Embodiment  31  with  a  thickness  of  1  0  mm  exhibited  an  excellent  damping  property  of  52  to  53  dB. 
[0528]  As  shown  in  Fig.  50,  each  of  the  impact  absorbers  1  according  to  Embodiments  28  to  31  and  Comparisons  26 
to  33  was  placed  in  a  safety  shoe  24  (JIS  product)  and  the  vibration  acceleration  level  was  measured  as  described 
above.  The  results  are  shown  in  Fig.  51  .  For  comparison,  a  safety  shoe  without  impact  absorber  was  prepared  and  also 
subjected  to  an  impact  absorption  test. 
[0529]  As  is  apparent  from  Fig.  51  ,  the  vibration  acceleration  level  of  the  device  without  an  impact  absorber  was  about 
65  dB,  and  the  impact  absorption  capability  of  the  Comparisons  was  gradually  improved  as  the  thickness  of  the  impact 
absorbers  increased.  The  vibration  acceleration  level  of  Comparison  26  comprising  chlorinated  polyethylene  as  its  base 
material  was  64  dB,  and  Comparisons  27  to  29  (the  thickness  increasing  in  this  order)  exhibited  a  vibration  acceleration 
level  of  60,  59,  and  54  dB,  respectively. 

Comparisons  30  to  32  using  conventional  products  exhibited  a  vibration  level  of  55  to  57  dB  and  Comparison  33 
exhibited  a  level  of  52dB,  whereas,  with  an  exception  of  Embodiment  28  with  a  thickness  of  1  mm,  the  damping  capa- 
bility  improved  from  Embodiment  29  to  Embodiment  31  (50  to  55  dB)  whose  thickness  increased  in  this  order. 

In  particular,  Embodiment  31  with  a  thickness  of  10  mm  exhibited  a  very  excellent  level  of  50  to  52  dB. 
[0530]  Next,  embodiments  of  the  electromagnetic  wave  absorptive  material  according  to  this  invention  are  explained. 
[0531]  DCHBSA  was  mixed  in  chlorinated  polyethylene,  and  the  mixture  was  kneaded  and  molded  between  rollers 
into  a  sheet  1  mm  thick.  The  sheet  was  cut  into  200  mm  x  200  mm  pieces,  which  were  used  as  test  pieces. 
[0532]  The  mixing  ratio  (parts  by  weight)  of  chlorinated  polyethylene  to  DCHBSA  was  100  to  0  (Comparison  34),  100 
to  30  (Embodiment  32),  100  to  50  (Embodiment  33),  100  to  70  (Embodiment  34),  and  100  to  100  (Embodiment  35). 
[0533]  The  test  pieces  according  to  Embodiments  32  to  35  and  Comparison  34  were  measured  for  dielectric  tangent 
(tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  1  1  . 
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TABLE  1  1 

Electromagnetic  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Absorber 

Embodiment  32  5.2  22.1  115.0 

Embodiment  33  5.7  29.1  164.7 

Embodiment  34  6.9  25.8  178.0 

Embodiment  35  9.0  23.5  211.7 

Comparison  34  3.4  17.1  58.9 

[0534]  These  test  pieces  were  measured  for  electromagnetic  wave  absorption  capability  (db).  The  results  are  shown 
in  Fig.  52.  The  electromagnetic  wave  absorption  capability  (db)  was  measured  using  an  electromagnetic  shied  evaluat- 
ing  apparatus  (TR-1  7301  manufactured  by  Advantest  Inc.).  Electric  fields  of  1  0  to  1  ,000  MHz  were  used  in  the  test. 
[0535]  Embodiments  of  the  electromagnetic  wave  absorptive  paint  comprising  the  electromagnetic  wave  absorptive 
material  according  to  this  invention  are  described  below.  A  mixture  of  chlorinated  polyethylene  and  DCHBSA  was  dis- 
persed  in  water  to  provide  an  emulsion,  which  was  deposited  on  a  surface  of  a  substrate  using  an  air  spray  gun. 

An  electromagnetic  wave  absorptive  layer  was  provided.  This  layer  was  measured  for  dielectric  tangent  (tan  5), 
dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Fig.  12. 
[0536]  The  mixing  ratio  (parts  by  weight)  of  chlorinated  polyethylene  to  DCHBSA  was  100  to  0  (Comparison  35),  100 
to  30  (Embodiment  36),  100  to  50  (Embodiment  37),  100  to  70  (Embodiment  38),  and  100  to  100  (Embodiment  39). 

TABLE  12 

Electromagnetic  Absorp-  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
tive  Layer 

Embodiment  36  5.2  22.1  115.0 

Embodiment  37  5.7  29.1  164.7 

Embodiment  38  6.9  25.8  178.0 

Embodiment  39  9.0  23.5  211.7 

Comparison  35  3.4  17.1  58.9 

[0537]  These  electromagnetic  wave  absorption  layers  were  measured  for  electromagnetic  wave  absorption  capability 
(db).  The  results  are  shown  in  Fig.  53.  The  electromagnetic  wave  absorption  capability  (db)  was  measured  using  the 
electromagnetic  shied  evaluating  apparatus  (TR-1  7301  manufactured  by  Advantest,  Inc.).  Electric  fields  of  10  to  1  ,000 
MHz  were  used  in  the  test. 
[0538]  Next,  embodiments  of  the  vibration-proofing  material  according  to  this  invention  are  described.  Tables  13-1 
and  13-2  show  the  compositions,  dielectric  properties,  mechanical  properties,  and  damping  ratios.  The  dielectric  loss 
factor  (  e  ")  shown  in  Tables  13-1  and  13-2  was  measured  with  Impedance/Gain  Phase  Analyzer  4194A,  a  measuring 
apparatus  manufactured  by  Yokokawa  Hewlette  Packard,  Inc.  and  the  elastic  tangent  (tan  5)  was  measured  using  Reo- 
vibron  DDV-25FP,  a  measuring  apparatus  manufactured  by  Orientech,  Inc.  The  damping  ratio  (£)  is  tand/2  ,  so  it  was 
simply  provided  by  dividing  the  elastic  tangent  (tan  5)  by  2. 
[0539]  The  measurement  was  made  at  20,  40,  or  60-C.  The  frequency  was  1  1  0  Hz  and  the  T/P  size  was  020  xt  1  .0 
mm. 
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TABLE  13-1 

Vibration  Shield  Temp.  (°C)  Dielectric  Property  (1  10Hz)  Mech.  Damping 
(110Hz) 

Base  Moment  Act  Mix  e  '  Tan  5  e  "  Tan  5  X, 
PVC  Tand  -  -  20  6.1  2.1  12.8  0.01  0.005 
Peak  105  °C  4Q  ?  6  21  16  Q  q.02  0.010 

60  8.0  2.5  20.0  0.03  0.015 

DCHP  peak  100phr  20  13.7  1.8  24.7  0.25  0.125 

40  41.2  3.4  140.1  2.00  1.000 

60  37.3  3.2  119.4  1.80  0.900 

DCHBSA  100phr  20  12.4  1.3  16.1  0.01  0.005 
peak80°C  4Q  Q2  23  18g  q.02  0.010 

60  9.8  3.2  31.4  0.55  0.275 

2HPMMB  100phr  20  11.9  1.1  13.1  0.01  0.005 
peak100°C  4Q  ?1  2Q  142  0Q1  00Q5 

60  7.6  2.1  16.0  0.02  0.010 

DPP  peak  100phr  20  11.7  1.8  21.1  0.23  0.115 

40  36.4  3.4  123.8  1.95  0.975 

60  16.8  3.6  60.5  1.20  0.600 

CBS  peak  100phr  20  10.2  1.8  18.4  0.20  0.100 
Knop 40  28.8  3.7  106.6  1.65  0.825 

60  18.1  5.3  95.9  1.40  0.700 

BBS  peak  100phr  20  5.9  1.7  10.0  0.15  0.075 
Knop 40  29.4  3.7  108.8  1.50  0.750 

60  32.6  4.0  130.4  1.85  0.925 

MBTSpeak  100phr  20  4.1  2.0  8.2  0.10  0.050 
Knop 40  18.2  3.7  67.3  1.00  0.500 

60  25.1  3.9  97.9  1.05  0.525 

ECDPA  100phr  20  9.5  2.0  19.0  0.30  0.150 

40  37.9  3.5  132.7  2.05  1.025 

60  19.9  5.1  101.5  1.20  0.600 

50 
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TABLE  13-2 

Vibration  Shield  Temp.  (°C)  Dielectric  Property  (1  10Hz)  Mech.  Damping 
(110Hz) 

Base  Moment  Act  Mix  e  '  Tan  5  e  "  Tan  5  X, 
DCHBSA 

Chlo.PE  peak  Ophr  20  17.1  3.4  58.9  1.00  0.500 
Peak10°C  15<)C  3Qphr  22  A  52  115Q  1  5Q  0.750 

18°C  50phr  29.1  5.7  164.7  2.00  1.000 

23°C  100phr  23.5  9.0  211.7  2.70  1.350 

DCHBSA 

NBR  AN  15%  peak  0  wt%  20  6.1  1.8  10.7  0.09  0.045 
Ppak  -*3n  °P -22°C  20wt%  8.6  1.9  16.6  0.10  0.050 

-18°C  30wt%  10.7  3.1  33.1  0.40  0.200 

-10°C  40wt%  16.5  3.3  55.0  0.60  0.300 

-5°C  50wt%  15.1  2.4  36.7  0.50  0.250 

DCHBSA 

NBR  AN  35%  peak  Ophr  20  14.3  3.4  48.3  0.80  0.400 

3°C  10phr  21.1  3.4  71.5  1.00  0.500 

8°C  30phr  21.8  4.5  98.0  1.40  0.700 

10°C  50phr  22.2  6.6  146.6  1.80  0.900 

13°C  70phr  22.6  9.6  216.9  3.00  1.500 

DCHBSA 

NBR  AN  45%  peak  Ophr  20  54.3  2.7  146.2  1.60  0.800 
Ppak  1  VC 17°C  10phr  27.0  6.0  162.9  1.80  0.900 

19°C  30phr  27.9  7.6  212.5  2.40  1.200 

DCHBSA 

ACR  Peak  peak  Ophr  20  18.3  9.6  175.3  2.50  1.250 
15°C  15°C  10phr  19.9  11.3  224.5  2.90  1.450 

15°C  30phr  19.2  6.0  114.9  1.80  0.900 

[0540]  Next,  embodiments  of  the  piezoelectric  material  according  to  this  invention  are  described. 
[0541  ]  One  hundred  parts  by  weight  of  DCHBSA  was  mixed  in  1  00  parts  by  weight  of  polyvinyl  chloride  (the  sample 
temperature  was  22°C)  and  the  mixture  was  molded  into  a  plate  with  a  thickness  of  1  mm  and  dimension  150  x  50  mm. 
An  electrode  of  silver  paste  (Asahi  Chemical  Research,  Inc.,  LS-506J,  140  x  40  mm)  was  formed  on  both  surfaces  of 
the  plate  to  prepare  a  sample  (Embodiment  40). 
[0542]  A  sample  (Embodiment  41)  was  prepared  as  for  Embodiment  40  except  that  100  parts  by  weight  of  2HPMMB 
was  blended  in  1  00  parts  by  weight  of  polyvinyl  chloride. 
[0543]  A  sample  (Embodiment  42)  was  prepared  as  for  Embodiment  40  except  that  100  parts  by  weight  of  ECDPA 
was  blended  in  1  00  parts  by  weight  of  polyvinyl  chloride. 
[0544]  A  sample  (Comparison  36)  was  prepared  as  for  Embodiment  40  using  only  polyvinyl  chloride. 
[0545]  These  samples  according  to  Embodiments  40  to  42  and  Comparison  36  were  measured  for  dielectric  tangent 
(tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ').  The  results  are  shown  in  Table  14.  The  dielectric  tangent 
(tan  5),  dielectric  loss  factor  (  e  "),  and  dielectric  constant  (  e  ')  were  measured  at  the  glass  transition  point  of  each  sam- 
ple. 
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TABLE  14 

Sample  Dielectric  Tangent  5  Dielectric  Constant  (  e  ')  Dielectric  Loss  Factor  (  e  ") 
Embodiment  40  3.3  39.1  129.0 

Embodiment  41  3.9  40.6  158.3 

Embodiment  42  3.5  37.9  132.7 

Comparison  36  2.1  6.1  12.8 

[0546]  The  samples  according  to  Embodiments  40  to  42  and  Comparison  36  were  measured  for  piezoelectric  capa- 
bility.  The  measurement  was  made  by  electrically  connecting  the  electrodes  on  the  respective  surfaces  of  the  sample 
1  1  to  a  voltmeter  12,  placing  the  sample  on  a  base  10,  dropping  an  iron  ball  13  (diameter:  20  mm;  weight:  32.6  g)  onto 
the  sample  1  1  from  a  height  of  200  mm,  and  reading  from  the  voltmeter  12  the  maximum  voltage  generated  in  the  sam- 
ple  1  1  (Fig.  54).  This  procedure  was  repeated  five  times  to  obtain  the  averages  of  the  results,  which  are  shown  in  Table 
15.  For  comparison,  the  samples  according  to  Embodiments  40  to  42  and  Comparison  36  were  polarized  and  meas- 
ured  for  piezoelectric  capability  in  the  same  manner.  The  polarization  was  carried  out  by  applying  a  1  -kV  direct  current 
to  each  sample  in  an  oil  bath  at  100°C  for  1  hour  and  leaving  the  sample  until  the  temperature  of  the  bath  became  the 
room  temperature. 

TABLE  15 

Sample  Generated  Voltage  (mV) 
No  Polarization  Polarization 

Comparison  36  1  .36  1  .88 

Embodiment  40  88.74  90.78 

Embodiment  41  114.04  141.22 

Embodiment  42  112.58  113.81 

[0547]  Table  15  shows  that  Comparison  36  exhibited  a  low  value,  1  .36  or  1  .88  mV  regardless  of  polarization  treat- 
ment,  whereas  Embodiments  40  to  42  without  polarization  exhibited  an  extraordinarily  high  value,  about  90  to  1  10  mV. 
The  value  of  polarized  Embodiment  41  was  about  70  times  as  high  as  that  of  polarized  Comparison  36,  indicating  that 
the  moment  activator  such  as  DCHBSA  or  2HPMMB  substantially  contributed  to  the  improvement  of  the  piezoelectric 
capability. 
[0548]  Fig.  55  shows  pellets  formed  by  adding  100  parts  by  weight  of  DCHBSA  to  vinyl  chloride  resin  and  molding 
the  mixture.  These  pellets  120  can  be  melt  spun  to  provide  endothermic  fibers. 
[0549]  Fig.  56  shows  a  tank  of  an  earthquake-proof  apparatus  and  a  viscous  fluid  filled  in  the  tank.  This  viscous  fluid 
comprised  ethyleneglycol  where  100  parts  by  weight  of  DCHBSA  was  blended. 

A  smaller  amount  of  this  viscous  fluid  was  able  to  provide  the  same  earthquake-proof  effect  as  a  larger  amount 
of  viscous  fluid  without  DCHBSA. 
[0550]  A  high-latent-heat  medium  that  can  be  advantageously  used  in  transmission  cooling  liquids,  engine  coolants, 
or  mold  cooling  liquids  was  produced  by  adding  100  parts  by  weight  of  DCHBSA  to  ethyleneglycol. 

This  high-latent-heat  medium  has  a  latent  heat  similar  to  that  of  water  and  is  resistant  to  rusting.  The  medium 
provides  an  excellent  cooling  effect.  The  use  of  this  medium  can  significantly  reduce  the  size  of  a  cooling  apparatus 
such  as  a  radiator. 

Claims 

1.  An  energy  conversion  composition  comprising  a  base  material  and  a  moment  activator  which  can  increase  the 
amount  of  dipole  moment  in  said  base  material. 

2.  An  energy  conversion  composition  according  to  claim  1  ,  wherein  said  base  material  comprises  at  least  one  poly- 
mer  selected  from  the  group  consisting  of  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene,  polypropylene, 
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ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  sty- 
rene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  polyester,  polyurethane,  polyamide,  poly- 
vinylidene  chloride,  polyacronitrile,  polyvinyl  alcohol,  xelluirose,  acrylonitrile-butadiene  rubber  (NBR),  styrene- 
butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  and  isoprene  rubber  (IR). 

5 
3.  An  energy  conversion  composition  according  to  claim  1  ,  wherein  saidbase  material  comprises  at  least  one  polymer 

selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

10  4.  An  energy  conversion  composition  according  to  claim  2,  wherein  said  base  material  comprises  a  polymer  which 
has  or  will  have  a  glass  transition  point  in  the  operating  temperature  region. 

5.  An  energy  conversion  composition  according  to  claim  1  ,  wherein  said  base  material  comprises  a  glycol. 

15  6.  An  energy  conversion  composition  according  to  claim  1  ,  wherein  said  base  material  comprises  water. 

7.  An  energy  conversion  composition  according  to  claim  1  ,  wherein  said  moment  activator  comprises  at  least  one 
compound  containing  a  mercaprobenzothiazyl  radical. 

20  8.  An  energy  conversion  composition  according  to  claim  7,  wherein  said  at  least  one  compound  containing  a  mercap- 
tobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

9.  An  energy  conversion  composition  according  to  claim  7,  wherein  said  at  least  one  compound  containing  a  mercap- 
tobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

25 
10.  An  energy  conversion  composition  according  to  claim  7,  wherein  said  at  least  one  compound  containing  a  mercap- 

tobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

11.  An  energy  conversion  composition  according  to  claim  1,  wherein  said  moment  activator  comprises  at  least  one 
30  compound  containing  a  benzotriazole  radical. 

12.  An  energy  conversion  composition  according  to  claim  1  1  ,  wherein  said  at  least  one  compound  containing  a  benzo- 
triazole  radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethy  l)-5'-methylphenyl}-benzotriazole. 

35  1  3.  An  energy  conversion  composition  according  to  claim  1  1  ,  wherein  said  at  least  one  compound  containing  a  benzo- 
triazole  radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

14.  An  energy  conversion  composition  according  to  claim  1  1  ,  wherein  said  at  least  one  compound  containing  a  benzo- 
triazole  radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenzotriazole. 

40 
15.  An  energy  conversion  composition  according  to  claim  1  1  ,  wherein  said  at  least  one  compound  containing  a  benzo- 

triazole  radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

16.  An  energy  conversion  composition  according  to  claim  1,  wherein  said  moment  activator  comprises  at  least  one 
45  compound  containing  a  diphenylacrylate  radical. 

1  7.  An  energy  conversion  composition  according  to  claim  1  6,  wherein  said  at  least  one  compound  containing  a  diphe- 
nylacrylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

so  18.  A  vibration  damping  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount 
of  dipole  moment  in  said  base  material. 

19.  A  vibration  damping  material  according  to  claim  18,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  group  consisting  of  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene,  polypropylene,  eth- 

55  ylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  polystyrene,  sty- 
rene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber  (NBR), 
styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  and  isoprene  rubber  (IR). 
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20.  A  vibration  damping  material  according  to  claim  18,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

21  .  A  vibration  damping  material  according  to  claim  18,  wherein  said  base  material  comprises  a  polymer  which  has  or 
will  have  a  glass  transition  point  in  the  operating  temperature  region. 

22.  A  vibration  damping  material  according  to  claim  18,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  mercaprobenzothiazyl  radical. 

23.  A  vibration  damping  material  according  to  claim  22,  wherein  said  at  least  one  compound  containing  a  mercapto- 
benzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

24.  A  vibration  damping  material  according  to  claim  22,  wherein  said  at  least  one  compound  containing  a  mercapto- 
benzothiazyl  radical  is  2-mercaptobenzothiazole. 

25.  A  vibration  damping  material  according  to  claim  22,  wherein  said  at  least  one  compound  containing  a  mercapto- 
benzothiazyl  radical  is  dibenzothiazylsulf  ide. 

26.  A  vibration  damping  material  according  to  claim  18,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  benzotriazole  radical. 

27.  A  vibration  damping  material  according  to  claim  26,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

28.  A  vibration  damping  material  according  to  claim  26,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

29.  A  vibration  damping  material  according  to  claim  26,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

30.  A  vibration  damping  material  according  to  claim  26,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

31.  A  vibration  damping  material  according  to  claim  18,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  diphenylacrylate  radical. 

32.  A  vibration  damping  material  according  to  claim  31  ,  wherein  said  at  least  one  compound  containing  a  diphenylacr- 
ylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

33.  A  vibration  damping  material  according  to  any  of  claims  18  to  32,  having  a  dielectric  loss  factor  of  50  or  larger  at 
the  frequency  of  1  10  Hz. 

34.  An  unconstrained  vibration  damping  material  comprising  a  base  material  and  a  moment  activator  which  can 
increase  the  amount  of  dipole  moment  in  said  base  material. 

35.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  base  material  comprises  at  least 
one  polymer  selected  from  the  group  consisting  of  polyvinyl  chloride,  polyethylene,  chlorinated  polyethylene,  poly- 
propylene,  ethylene-vinyl  acetate  copolymer,  polymethyl  methacrylate,  polyvinylidene  fluoride,  polyisoprene,  poly- 
styrene,  styrene-butadiene-acrylonitrile  copolymer,  styrene-acrylonitrile  copolymer,  acrylonitrile-butadiene  rubber 
(NBR),  styrene-butadiene  rubber  (SBR),  butadiene  rubber  (BR),  natural  rubber  (NR),  and  isoprene  rubber  (IR). 

36.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  base  material  comprises  at  least 
one  polymer  selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene, 
acrylic  rubber,  acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

37.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  base  material  comprises  a  poly- 
mer  which  has  or  will  have  a  glass  transition  point  in  the  operating  temperature  region. 
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38.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  101  to  500  parts  by  weight  of  said 
moment  activator  is  blended  in  100  parts  by  weight  of  said  base  material. 

39.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  mercaprobenzothiazyl  radical. 

40.  An  unconstrained  vibration  damping  material  according  to  claim  39,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2  -sulfenamide. 

41  .  An  unconstrained  vibration  damping  material  according  to  claim  39,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

42.  An  unconstrained  vibration  damping  material  according  to  claim  39,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

43.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  benzotriazole  radical. 

44.  An  unconstrained  vibration  damping  material  according  to  claim  43,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl}-benzotria- 
zole. 

45.  An  unconstrained  vibration  damping  material  according  to  claim  43,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

46.  An  unconstrained  vibration  damping  material  according  to  claim  43,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5  -chlorobenzotriazole. 

47.  An  unconstrained  vibration  damping  material  according  to  claim  43,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5  -chlorobenzotriazole. 

48.  An  unconstrained  vibration  damping  material  according  to  claim  44,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  diphenylacrylate  radical. 

49.  An  unconstrained  vibration  damping  material  according  to  claim  34,  wherein  said  at  least  one  compound  containing 
a  diphenylacrylate  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

50.  An  unconstrained  vibration  damping  material  according  to  any  of  claims  34  to  49,  having  a  dielectric  loss  factor  of 
50  or  larger  at  the  frequency  of  1  10  Hz. 

51.  A  vibration  damping  paint  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  dipole 
moment  in  said  base  material. 

52.  A  vibration  damping  paint  according  to  claim  51,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

53.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  base  material  comprises  a  polymer  which  has  or  will 
have  a  glass  transition  point  in  the  operating  temperature  region. 

54.  A  vibration  damping  paint  according  to  claim  51,  wherein  10  to  100  parts  by  weight  of  said  moment  activator  is 
blended  in  100  parts  by  weight  of  said  base  material. 

55.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  mercaprobenzothiazyl  radical. 

56.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 
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57.  A  vibration  damping  paint  according  to  claim  55,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  2-mercaptobenzothiazole. 

58.  A  vibration  damping  paint  according  to  claim  55,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  dibenzothiazylsulf  ide. 

59.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  benzotriazole  radical. 

60.  A  vibration  damping  paint  according  to  claim  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

61  .  A  vibration  damping  paint  according  to  claim  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-5'-methylphenyl}-benzotriazole. 

62.  A  vibration  damping  paint  according  to  claim  43,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

63.  A  vibration  damping  paint  according  to  claim  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

64.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  diphenylacrylate  radical. 

65.  A  vibration  damping  paint  according  to  claim  64,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate 
radical  is  ethyl-2  -cyano-3,  3-di-phenylacrylate. 

66.  A  vibration  damping  paint  according  to  claim  51  ,  wherein  said  moment  activator  comprises  at  least  two  compounds 
having  substantially  different  glass  transition  points  to  expand  the  working  temperature  region. 

67.  A  vibration  damping  paint  according  to  any  of  claims  51  to  66,  wherein  said  base  material  has  a  dielectric  loss  fac- 
tor  of  50  or  larger  at  the  frequency  of  1  10  Hz. 

68.  A  sound  absorptive  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount  of 
dipole  moment  in  said  base  material. 

69.  A  sound  absorptive  material  according  to  claim  68,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

70.  A  sound  absorptive  material  according  to  claim  68,  wherein  said  base  material  comprises  a  polymer  which  has  or 
will  have  a  glass  transition  point  in  the  operating  temperature  region. 

71.  A  sound  absorptive  material  according  to  claim  68,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  mercaprobenzothiazyl  radical. 

72.  A  sound  absorptive  material  according  to  claim  71  ,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

73.  A  sound  absorptive  material  according  to  claim  71  ,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  2-mercaptobenzothiazole. 

74.  A  sound  absorptive  material  according  to  claim  71  ,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  dibenzothiazylsulf  ide. 

75.  A  sound  absorptive  material  according  to  claim  68,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  benzotriazole  radical. 

49 



EP  0  897  675  A1 

76.  A  sound  absorptive  material  according  to  claim  75,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

77.  A  sound  absorptive  material  according  to  claim  75,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

78.  A  sound  absorptive  material  according  to  claim  75,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

79.  A  sound  absorptive  material  according  to  claim  75,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

80.  A  sound  absorptive  material  according  to  claim  68,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  diphenylacrylate  radical. 

81.  A  sound  absorptive  material  according  to  claim  80,  wherein  said  at  least  one  compound  containing  a  diphenylacr- 
ylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

82.  A  sound  absorptive  material  according  to  any  of  claims  68  to  81  ,  having  a  dielectric  loss  factor  of  7  or  larger  at  the 
frequency  of  1  10  Hz. 

83.  A  sound  absorptive  sheet  comprising  a  fibrous  sheet  and  a  polymer  material  fixedly  deposited  on  said  fibrous 
sheet,  said  polymer  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount 
of  dipole  moments  in  said  base  material. 

84.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

85.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  said  base  material  comprises  a  polymer  which  has  or  will 
have  a  glass  transition  point  in  the  operating  temperature  region. 

86.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  the  amount  of  said  polymer  material  fixedly  deposited  on 
said  fibrous  sheet  is  20  to  300  g/m2. 

87.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  10  to  300  parts  by  weight  of  said  moment  activator  is 
blended  in  100  parts  by  weight  of  said  base  material. 

88.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  mercaprobenzothiazyl  radical. 

89.  A  sound  absorptive  sheet  according  to  claim  88,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  N,  N  -dicyclohexylbenzothiazyl-2-sulfenamide. 

90.  A  sound  absorptive  sheet  according  to  claim  88,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  2  -mercaptobenzothiazole. 

91.  A  sound  absorptive  sheet  according  to  claim  88,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  dibenzothiazylsulf  ide. 

92.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  benzotriazole  radical. 

93.  A  sound  absorptive  sheet  according  to  claim  92,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

94.  A  sound  absorptive  sheet  according  to  claim  92,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-5'-methylphenyl}-benzotriazole. 
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95.  A  sound  absorptive  sheet  according  to  claim  92,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

96.  A  sound  absorptive  sheet  according  to  claim  92,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

97.  A  sound  absorptive  sheet  according  to  claim  83,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  diphenylacrylate  radical. 

98.  A  sound  absorptive  sheet  according  to  claim  97,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate 
radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

99.  A  sound  absorptive  sheet  according  to  any  of  claims  83  to  98,  having  a  dielectric  loss  factor  of  7  or  larger  at  the 
frequency  of  1  10  Hz. 

100.  A  foamed  sound  absorptive  material  comprising  a  foamed  base  material  and  a  moment  activator  which  can 
increase  the  amount  of  dipole  moments  in  the  foamed  base  material. 

1  01  .A  foamed  sound  absorptive  material  according  to  claim  1  00,  wherein  said  foamed  base  material  comprises  at  least 
one  polymer  selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene, 
acrylic  rubber,  acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

102.  A  foamed  sound  absorptive  material  according  to  claim  100,  wherein  said  foamed  base  material  comprises  a  pol- 
ymer  which  has  or  will  have  a  glass  transition  point  in  the  operating  temperature  region. 

1  03.  A  foamed  sound  absorptive  material  according  to  claim  1  00,  wherein  1  0  to  200  parts  by  weight  of  said  moment  acti- 
vator  is  blended  in  100  parts  by  weight  of  said  foamed  base  material. 

1  04.  A  foamed  sound  absorptive  material  according  to  claim  1  00,  wherein  said  moment  activator  comprises  at  least  one 
compound  containing  a  mercaprobenzothiazyl  radical. 

1  05.  A  foamed  sound  absorptive  material  according  to  claim  104,  wherein  said  at  least  one  compound  containing  a  mer- 
captobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

1  06.  A  foamed  sound  absorptive  material  according  to  claim  104,  wherein  said  at  least  one  compound  containing  a  mer- 
captobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

1  07.  A  foamed  sound  absorptive  material  according  to  claim  104,  wherein  said  at  least  one  compound  containing  a  mer- 
captobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

1  08.  A  foamed  sound  absorptive  material  according  to  claim  1  00,  wherein  said  moment  activator  comprises  at  least  one 
compound  containing  a  benzotriazole  radical. 

1  09.  A  foamed  sound  absorptive  material  according  to  claim  108,  wherein  said  at  least  one  compound  containing  a  ben- 
zotriazole  radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

1  1  0.  A  foamed  sound  absorptive  material  according  to  claim  108,  wherein  said  at  least  one  compound  containing  a  ben- 
zotriazole  radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

1  1  1  .A  foamed  sound  absorptive  material  according  to  claim  108,  wherein  said  at  least  one  compound  containing  a  ben- 
zotriazole  radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

112.  A  foamed  sound  absorptive  material  according  to  claim  108,  wherein  said  at  leaszt  one  compound  containing  a 
benzotriazole  radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

1  1  3.  A  foamed  sound  absorptive  material  according  to  claim  1  00,  wherein  said  moment  activator  comprises  at  least  one 
compound  containing  a  diphenylacrylate  radical. 
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114.  A  foamed  sound  absorptive  material  according  to  claim  113,  wherein  said  at  least  one  compound  containing  a 
diphenylacrylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

115.  A  foamed  sound  absorptive  material  according  to  any  of  claims  100  to  1  14,  having  a  dielectric  loss  factor  of  10  or 
larger  at  the  frequency  of  1  10  Hz. 

116.  A  sound  absorptive  fiber  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount  of 
dipole  moments  in  said  base  material. 

1  1  7.  A  sound  absorptive  fiber  according  to  claim  1  1  6,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  polyurethane, 
polyamide,  polyvinylidene  chloride,  polyacrylonitrile,  and  cellulose. 

1  1  8.  A  sound  absorptive  fiber  according  to  claim  1  1  6,  having  a  glass  transition  point  in  the  operating  temperature  region. 

119.  A  sound  absorptive  fiber  according  to  claim  116,  wherein  10  to  200  parts  by  weight  said  moment  activator  is 
blended  in  100  parts  by  weight  of  said  base  material. 

120.  A  sound  absorptive  fiber  according  to  claim  116,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  mercaprobenzothiazyl  radical. 

121  .A  sound  absorptive  fiber  according  to  claim  120,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

122.  A  sound  absorptive  fiber  according  to  claim  120,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  2  -mercaptobenzothiazole. 

123.  A  sound  absorptive  fiber  according  to  claim  120,  wherein  said  at  leat  one  compound  containing  a  mercaptobenzo- 
thiazyl  radical  is  dibenzothiazylsulf  ide. 

124.  A  sound  absorptive  fiber  according  to  claim  116,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  benzotriazole  radical. 

125.  A  sound  absorptive  fiber  according  to  claim  124,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

126.  A  sound  absorptive  fiber  according  to  claim  124,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-5'-methylphenyl}-benzotriazole. 

127.  A  sound  absorptive  fiber  according  to  claim  124,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

128.  A  sound  absorptive  fiber  according  to  claim  124,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

129.  A  sound  absorptive  fiber  according  to  claim  116,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  diphenylacrylate  radical. 

130.  A  sound  absorptive  fiber  according  to  claim  129,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate 
radical  is  ethyl-2  -cyano-3,  3-di-phenylacrylate. 

1  31  .A  sound  absorptive  fiber  according  to  claim  1  1  6,  wherein  said  moment  activator  comprises  a  plurality  of  com- 
pounds  respectively  having  a  peak  sound  absorption  property  in  substantially  different  frequency  regions. 

1  32.  A  sound  absorptive  fiber  according  to  claim  1  1  6,  wherein  said  base  material  provides  the  surface  layer  of  said  fiber. 

1  33.  A  sound  absorptive  fiber  according  to  any  of  claims  1  1  6  to  1  3  2,  having  a  dielectric  loss  factor  of  1  0  or  larger  at  the 
frequency  of  1  10  Hz. 
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134.  A  sound  absorptive  yarn  comprising  a  plurality  fibers  according  to  any  combination  of  claims  116  to  132  respec- 
tively  having  a  peak  sound  absorption  property  in  substantially  different  frequency  regions. 

135.  A  sound-absorptive  fibrous  body  comprising  a  plurality  of  fibers  according  to  any  combination  of  claims  1  16  to  132 
respectively  having  a  peak  sound  absorption  property  in  substantially  different  frequency  regions. 

136.  An  impact  absorptive  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount 
of  dipole  moment  in  said  base  material. 

137.  An  impact  absorptive  material  according  to  claim  136,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber,  acry- 
lonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

1  38.  An  impact  absorptive  material  according  to  claim  1  36,  wherein  said  base  material  has  a  glass  transition  point  in  the 
operating  temperature  region. 

139.  An  impact  absorptive  material  according  to  claim  136,  wherein  10  to  200  parts  by  weight  of  said  moment  activator 
is  blended  in  100  parts  by  weight  of  said  base  material. 

140.  An  impact  absorptive  material  according  to  claim  136,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  mercaprobenzothiazyl  radical. 

141  .An  impact  absorptive  material  according  to  claim  140,  wherein  said  at  least  one  compound  containing  a  mercap- 
tobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

142.  An  impact  absorptive  material  according  to  claim  140,  wherein  said  at  least  one  compound  containing  a  mercap- 
tobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

143.  An  impact  absorptive  material  according  to  claim  140,  wherein  said  at  least  one  compound  containing  a  mercap- 
tobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

144.  An  impact  absorptive  material  according  to  claim  136,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  benzotriazole  radical. 

145.  An  impact  absorptive  material  according  to  claim  144,  wherein  said  at  least  one  compound  containing  a  benzotri- 
azole  radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

146.  An  impact  absorptive  material  according  to  claim  144,  wherein  said  at  least  one  compound  containing  a  benzotri- 
azole  radical  is  2-{2'  -hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

147.  An  impact  absorptive  material  according  to  claim  144,  wherein  said  at  least  one  compound  containing  a  benzotri- 
azole  radical  is  2-{2'  -hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

148.  An  impact  absorptive  material  according  to  claim  136,  wherein  said  moment  activator  comprises  at  least  one  com- 
pound  containing  a  diphenylacrylate  radical. 

149.  An  impact  absorptive  material  according  to  claim  148,  wherein  said  at  least  one  compound  containing  a  dipheny- 
lacrylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

1  50.  An  impact  absorptive  material  according  to  any  of  claims  1  36  to  1  49,  having  a  dielectric  loss  factor  of  50  or  larger 
at  the  frequency  of  1  10  Hz. 

1  51  .A  front  fork  comprising  an  outer  tube  on  the  axle  side  and  an  inner  tube  on  the  car  body  side  inserted  in  the  outer 
tube, 

further  comprising  an  impact  absorptive  material  comprising  a  base  material  and  a  moment  activator  which 
can  increase  the  amount  of  dipole  moments  in  said  base  material,  which  is  provided  between  said  outer  tube  and 
inner  tube. 
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1  52.  A  front  fork  according  to  claim  151,  wherein  said  base  material  comprises  at  least  one  polymer  selected  from  polar- 
ity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber,  acrylonitrile-butadiene 
rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

1  53.  A  front  fork  according  to  claim  151,  wherein  said  base  material  has  a  glass  transition  point  in  the  operating  temper- 
ature  region. 

154.  A  front  fork  according  to  claim  151  ,  wherein  10  to  200  parts  by  weight  of  said  active  component  is  blended  in  100 
parts  by  weight  of  said  base  material. 

155.  A  front  fork  according  to  claim  151  ,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
mercaprobenzothiazyl  radical. 

1  56.  A  front  fork  according  to  claim  1  55,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  N,  N  -dicyclohexylbenzothiazyl-2-sulfenamide. 

1  57.  A  front  fork  according  to  claim  1  55,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  2  -mercaptobenzothiazole. 

1  58.  A  front  fork  according  to  claim  1  55,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  dibenzothiazylsulf  ide. 

159.  A  front  fork  according  to  claim  151  ,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
benzotriazole  radical. 

1  60.  A  front  fork  according  to  claim  1  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl)-benzotriazole. 

1  61  .A  front  fork  according  to  claim  1  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3'-t  -butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

1  62.  A  front  fork  according  to  claim  1  59,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3',  5'  -di-t-buthyphehyl}-5-chlorobenzotriazole. 

163.  A  front  fork  according  to  claim  151  ,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
diphenylacrylate  radical. 

164.  A  front  fork  according  to  claim  163,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate  radical  is 
ethyl-2-cyano-3,  3-di-phenylacrylate. 

1  65.  A  front  fork  according  to  any  of  claims  151  to  164,  wherein  said  impact  absorptive  material  has  a  dielectric  loss  fac- 
tor  of  50  or  larger  at  the  frequency  of  1  10  Hz. 

166.  A  grip  tape  to  be  wound  round  a  grip  end  to  reduce  impact  vibration,  comprising  a  substrate  base  material  and  a 
moment  activator  which  can  increase  the  amount  of  dipole  moment  in  said  substrate  base  material. 

167.  A  grip  tape  according  to  claim  166,  wherein  said  substrate  base  material  comprises  at  least  one  polymer  selected 
from  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber,  acrylonitrile- 
butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

1  68.  A  grip  tape  according  to  claim  1  66,  wherein  said  substrate  material  has  a  glass  transition  point  in  the  operating  tem- 
perature  region. 

169.  A  grip  tape  according  to  claim  166,  wherein  10  to  200  parts  by  weight  of  said  moment  activator  is  blended  in  100 
parts  by  weight  of  said  substrate  base  material. 

1  70.  A  grip  tape  according  to  claim  1  66,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
mercaprobenzothiazyl  radical. 
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1  71  .A  grip  tape  according  to  claim  1  70,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  N,  N  -dicyclohexylbenzothiazyl-2-sulfenamide. 

1  72.  A  grip  tape  according  to  claim  1  70,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  2  -mercaptobenzothiazole. 

1  73.  A  grip  tape  according  to  claim  1  70,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radical 
is  dibenzothiazylsulf  ide. 

1  74.  A  grip  tape  according  to  claim  1  66,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
benzotriazole  radical. 

175.  A  grip  tape  according  to  claim  174,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3'(3",  4  ",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl}-benzotriazole. 

176.  A  grip  tape  according  to  claim  174,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-5'  -methylphenylj-benzotriazole. 

177.  A  grip  tape  according  to  claim  174,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3'-t  -butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

178.  A  grip  tape  according  to  claim  175,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2-{2'- 
hydroxy-3',  5'  -di-t-buthyphehyl}-5-chlorobenzotriazole. 

1  79.  A  grip  tape  according  to  claim  1  66,  wherein  said  moment  activator  comprises  at  least  one  compound  containing  a 
diphenylacrylate  radical. 

180.  A  grip  tape  according  to  claim  179,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate  radical  is 
ethyl-2-cyano-3,  3  -di-phenylacrylate. 

181  .A  grip  tape  according  to  any  of  claims  166  to  180,  wherein  said  substrate  base  material  has  a  dielectric  loss  factor 
of  50  or  larger  at  the  frequency  of  1  10  Hz. 

182.  A  shoe  sole  comprising  an  impact  absorptive  material  comprising  a  base  material  and  a  moment  activator  which 
can  increase  the  amount  of  dipole  moments  in  said  base  material. 

183.  A  shoe  sole  according  to  claim  182,  wherein  said  base  material  comprises  at  least  one  polymer  selected  from  the 
polar  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber,  acrylonitrile-butadi- 
ene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

184.  A  shoe  sole  according  to  claim  182,  wherein  said  base  material  has  a  glass  transition  point  in  the  operating  tem- 
perature  region. 

185.  A  shoe  sole  according  to  claim  182,  wherein  10  to  200  parts  by  weight  of  said  moment  activator  is  blended  in  100 
parts  by  weight  of  said  base  material. 

186.  A  shoe  sole  according  to  claim  182,  wherein  said  moment  activator  comprises  at  least  one  compound  containing 
a  mercaprobenzothiazyl  radical. 

187.  A  shoe  sole  according  to  claim  186,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radi- 
cal  is  N,  N  -dicyclohexylbenzothiazyl-2-sulfenamide. 

188.  A  shoe  sole  according  to  claim  186,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radi- 
cal  is  2  -mercaptobenzothiazole. 

189.  A  shoe  sole  according  to  claim  186,  wherein  said  at  least  one  compound  containing  a  mercaptobenzothiazyl  radi- 
cal  is  dibenzothiazylsulf  ide. 
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190.A  shoe  sole  according  to  claim  182,  wherein  said  moment  activator  comprises  at  least  one  compound  containing 
a  benzotriazole  radical. 

191  .A  shoe  sole  according  to  claim  190,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2- 
{2'-hydroxy-3'-(3",  4  ",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl}-benzotriazole. 

192.  A  shoe  sole  according  to  claim  190,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2- 
{2'-hydroxy-5'  -methylphenylj-benzotriazole. 

193.  A  shoe  sole  according  to  claim  190,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2- 
{2'-hydroxy-3'-t  -butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

194.  A  shoe  sole  according  to  claim  190,  wherein  said  at  least  one  compound  containing  a  benzotriazole  radical  is  2- 
{2'-hydroxy-3',  5'  -di-t-buthyphehyl}-5-chlorobenzotriazole. 

195.  A  shoe  sole  according  to  claim  182,  wherein  said  moment  activator  comprises  at  least  one  compound  containing 
a  diphenylacrylate  radical. 

196.  A  shoe  sole  according  to  claim  195,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate  radical  is 
ethyl-2-cyano-3,  3  -di-phenylacrylate. 

197.  A  shoe  sole  according  to  any  of  cClaims  182  to  196,  wherein  said  impact  absorptive  material  has  a  dielectric  loss 
factor  of  50  or  larger  at  the  frequency  of  1  10  Hz. 

198.  An  electromagnetic  wave  absorptive  material  comprising  a  base  material  and  a  moment  activator  which  can 
increase  the  amount  of  dipole  moment  in  said  base  material. 

199.  An  electromagnetic  wave  absorptive  material  according  to  claim  198,  wherein  said  base  material  comprises  at 
least  one  polymer  selected  from  the  polar  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene, 
acrylic  rubber,  acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

200.  An  electromagnetic  wave  absorptive  material  according  to  claim  1  98,  wherein  said  base  material  has  a  glass  tran- 
sition  point  in  the  operating  temperature  region. 

201  .An  electromagnetic  wave  absorptive  material  according  to  claim  198,  wherein  10  to  200  parts  by  weight  of  said 
moment  activator  is  blended  in  100  parts  by  weight  of  said  base  material. 

202.  An  electromagnetic  wave  absorptive  material  according  to  claim  198,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  mercaprobenzothiazyl  radical. 

203.  An  electromagnetic  wave  absorptive  material  according  to  claim  202,  wherein  said  at  least  one  compound  contain- 
ing  a  mercaptobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2  -sulfenamide. 

204.  An  electromagnetic  wave  absorptive  material  according  to  claim  202,  wherein  said  at  least  one  compound  contain- 
ing  a  mercaptobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

205.  An  electromagnetic  wave  absorptive  material  according  to  claim  202,  wherein  said  at  least  one  compound  contain- 
ing  a  mercaptobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

206.  An  electromagnetic  wave  absorptive  material  according  to  claim  198,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  benzotriazole  radical. 

207.  An  electromagnetic  wave  absorptive  material  according  to  claim  206,  wherein  said  at  least  one  compound  contain- 
ing  a  benzotriazole  radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl}-benzot- 
riazole. 

208.  An  electromagnetic  wave  absorptive  material  according  to  claim  206,  wherein  said  at  least  one  compound  contain- 
ing  a  benzotriazole  radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 
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209.  An  electromagnetic  wave  absorptive  material  according  to  claim  206,  wherein  said  at  least  one  compound  contain- 
ing  a  benzotriazole  radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5  -chlorobenzotriazole. 

210.  An  electromagnetic  wave  absorptive  material  according  to  claim  206,  wherein  said  at  least  one  compound  contain- 
ing  a  benzotriazole  radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5  -chlorobenzotriazole. 

211.  An  electromagnetic  wave  absorptive  material  according  to  claim  198,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  diphenylacrylate  radical. 

212.  An  electromagnetic  wave  absorptive  material  according  to  claim  21  1  ,  wherein  said  at  least  one  compound  contain- 
ing  a  diphenylacrylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

213.  An  electromagnetic  wave  absorptive  material  according  to  any  of  claims  198  to  212,  having  a  dielectric  loss  factor 
of  100  or  larger  at  the  frequency  of  1  10  Hz. 

21  4.  An  electromagnetic  wave  absorptive  material  according  to  any  of  claims  1  98  to  21  2,  wherein  said  moment  activator 
comprises  a  plurality  of  compounds  respectively  having  a  peak  sound  absorption  property  in  substantially  different 
frequency  regions. 

215.  An  electromagnetic  wave  absorptive  material  according  to  any  of  claims  198  to  212,  wherein  said  base  material 
comprises  a  plurality  of  polymers  respectively  having  a  peak  sound  absorption  property  in  substantially  different 
frequency  regions. 

216.  An  electromagnetic  wave  absorptive  paint  comprising  a  paint  base  material  and  a  moment  activator  which  can 
increase  the  amount  of  dipole  moments  in  said  base  material. 

217.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  said  base  material  comprises  at  least 
one  polymer  selected  from  a  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene, 
acrylic  rubber,  acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

218.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  said  paint  base  material  has  a  glass 
transition  point  in  the  operating  temperature  region. 

219.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  10  to  200  parts  by  weight  of  said 
moment  activator  is  blended  in  100  parts  by  weight  of  said  base  material. 

220.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  mercaprobenzothiazyl  radical. 

221  .An  electromagnetic  wave  absorptive  paint  according  to  claim  220,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2  -sulfenamide. 

222.  An  electromagnetic  wave  absorptive  paint  according  to  claim  220,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  2-mercaptobenzothiazole. 

223.  An  electromagnetic  wave  absorptive  paint  according  to  claim  220,  wherein  said  at  least  one  compound  containing 
a  mercaptobenzothiazyl  radical  is  dibenzothiazylsulf  ide. 

224.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  benzotriazole  radical. 

225.  An  electromagnetic  wave  absorptive  paint  according  to  claim  224,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'-methylphenyl}-benzotria- 
zole. 

226.  An  electromagnetic  wave  absorptive  paint  according  to  claim  224,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 
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227.  An  electromagnetic  wave  absorptive  paint  according  to  claim  224,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5  -chlorobenzotriazole. 

228.  An  electromagnetic  wave  absorptive  paint  according  to  claim  224,  wherein  said  at  least  one  compound  containing 
a  benzotriazole  radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5  -chlorobenzotriazole. 

229.  An  electromagnetic  wave  absorptive  paint  according  to  claim  216,  wherein  said  moment  activator  comprises  at 
least  one  compound  containing  a  diphenylacrylate  radical. 

230.  An  electromagnetic  wave  absorptive  paint  according  to  claim  229,  wherein  said  at  least  one  compound  containing 
a  diphenylacrylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

231  .An  electromagnetic  wave  absorptive  paint  according  to  claim  21  6,  wherein  said  moment  activator  comprises  a  plu- 
rality  of  compounds  respectively  having  a  peak  electromagnetic  wave  absorption  property  in  substantially  different 
frequency  regions. 

232.  An  electromagnetic  wave  absorptive  paint  according  to  any  of  claims  216  to  231  ,  wherein  said  paint  base  material 
has  a  dielectric  loss  factor  of  100  or  larger  at  the  frequency  of  1  10  Hz. 

233.  A  vibration-proof  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount  of 
dipole  moments  in  said  base  material. 

234.  A  vibration-proof  material  according  to  claim  233,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

235.  A  vibration-proof  material  according  to  claim  233,  wherein  said  base  material  has  a  glass  transition  point  in  the 
operating  temperature  region. 

236.  A  vibration-proof  material  according  to  claim  233,  wherein  10  to  300  parts  by  weight  of  said  moment  activator  is 
blended  in  100  parts  by  weight  of  said  base  material. 

237.  A  vibration-proof  material  according  to  claim  233,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  mercaprobenzothiazyl  radical. 

238.  A  vibration-proof  material  according  to  claim  237,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  N,  N-dicyclohexylbenzothiazyl-2-sulfenamide. 

239.  A  vibration-proof  material  according  to  claim  237,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  2-mercaptobenzothiazole. 

240.  A  vibration-proof  material  according  to  claim  237,  wherein  said  at  least  one  compound  containing  a  mercaptoben- 
zothiazyl  radical  is  dibenzothiazylsulf  ide. 

241  .A  vibration-proof  material  according  to  claim  233,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  benzotriazole  radical. 

242.  A  vibration-proof  material  according  to  claim  241  ,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-(2'-hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

243.  A  vibration-proof  material  according  to  claim  241  ,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-5'-methylphenyl}-benzotriazole. 

244.  A  vibration-proof  material  according  to  claim  241  ,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

245.  A  vibration-proof  material  according  to  claim  241  ,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'-hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 
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246.  A  vibration-proof  material  according  to  claim  233,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  diphenylacrylate  radical. 

247.  A  vibration-proof  material  according  to  claim  246,  wherein  said  at  least  one  compound  containing  a  diphenylacr- 
ylate  radical  is  ethyl-2-cyano-3,  3-di-phenylacrylate. 

248.  A  vibration-proof  material  according  to  any  of  claims  233  to  247,  having  a  dielectric  loss  factor  of  50  or  larger  at  the 
frequency  of  1  10  Hz. 

249.  A  piezoelectric  material  comprising  a  base  material  and  a  moment  activator  which  can  increase  the  amount  of 
dipole  moment  in  said  base  material. 

250.  A  piezoelectric  material  according  to  claim  249,  wherein  said  base  material  comprises  at  least  one  polymer 
selected  from  the  polarity  polymer  group  consisting  of  polyvinyl  chloride,  chlorinated  polyethylene,  acrylic  rubber, 
acrylonitrile-butadiene  rubber,  styrene-butadiene  rubber,  and  chloroprene  rubber. 

251  .A  piezoelectric  material  according  to  claim  249,  wherein  said  base  material  has  a  glass  transition  point  in  the  oper- 
ating  temperature  region. 

252.  A  piezoelectric  material  according  to  claim  249,  wherein  10  to  200  parts  by  weight  of  said  moment  activator  is 
blended  in  100  parts  by  weight  of  said  base  material. 

253.  A  piezoelectric  material  according  to  claim  249,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  mercaprobenzothiazyl  radical. 

254.  A  piezoelectric  material  according  to  claim  253,  wherein  said  at  least  one  compound  containing  mercaptobenzo- 
thiazyl  is  N,  N  -dicyclohexylbenzothiazyl-2-sulfenamide. 

255.  A  piezoelectric  material  according  to  claim  253,  wherein  said  at  least  one  compound  containing  a  mercaptobenzo- 
thiazyl  radical  is  2  -mercaptobensothiazole. 

256.  A  piezoelectric  material  according  to  claim  253,  wherein  said  at  least  one  compound  containing  a  mercaptobenzo- 
thiazyl  radical  is  dibenzothiazylsulf  ide. 

257.  A  piezoelectric  material  according  to  claim  249,  wherein  said  moment  activator  comprises  at  least  one  compound 
containing  a  benzotriazole  radical. 

258.  A  piezoelectric  material  according  to  claim  257,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-(3",  4",  5",  6"  tetrahydrophthalimidemethyl)-5'  -methylphenylj-benzotriazole. 

259.  A  piezoelectric  material  according  to  claim  257,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-5'-methylphenyl}-benzotriazole. 

260.  A  piezoelectric  material  according  to  claim  257,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3'-t-butyl-5'-methylphenyl}-5-chlorobenzotriazole. 

261  .A  piezoelectric  material  according  to  claim  257,  wherein  said  at  least  one  compound  containing  a  benzotriazole 
radical  is  2-{2'  -hydroxy-3',  5'-di-t-buthyphehyl}-5-chlorobenzotriazole. 

262.  A  piezoelectric  material  according  to  claim  249,  wherein  said  moment  activator  comprising  at  least  one  compound 
containing  a  diphenylacrylate  radical. 

263.  A  piezoelectric  material  according  to  claim  262,  wherein  said  at  least  one  compound  containing  a  diphenylacrylate 
radical  is  ethyl-2  -cyano-3,  3-di-phenylacrylate. 

264.  A  piezoelectric  material  according  to  any  of  claims  249  to  263,  having  a  dielectric  loss  factor  of  50  or  larger  at  the 
frequency  of  1  10  Hz. 
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